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| THE 
Toumg Mathematician's Guide, 
Being a PLAIN and .EASIE 


INTRODUCTION 


„ | 


ü 


In Five PART S. 
Viz. 

I. Arithmetick. Vulgar, and Decinal, with all the Uſeful Rules; 
And a general Method of Extracting the Roots of all Single 
Powers. 

II. Algeb2a, or Arithmetick in Species; wherein the Method of 
Raiſing and Reſolving A .quations is rendered eaſie; and Illu- 
ſtrated with Variety of Examples, and Numerical Queſtions. 

Alſo the whole Bufineſs of Intereft and Annuities, &7c. per- 
form'd by the Pen, and a Lzall Table, with {ſeveral new Im- 
provements. 

III. The Elements of Seometrp, Contracted, and Analytically 

Demonitrated; With a New aud Late Method of finding the 

| | Cicle's Periphery and Area to any aſſigned Exactnels, by one 

XA quation only; Al New Way of making Sinesand Tangents. 

J. Conick-Scatons, wherein the Chief Properties, & c. of the 

| Elliptis, Parabola, and Hyperbola, are Clearly Dea.ontated. 

V. The Arithmetick of Inkinites Explain'd, and render'd 
Eaſie; with its Application to Superficial, and Solid Geonietry. 

With an 


APPENDIX of Practical Gauging, 
The Second Cition Coꝛꝛcaed. 


B OHN WARD, Philonath. 
* 3 
Heretofore Chief Surveyor and Gauge. General in the Exciſe ;, now 


Profefſor of the Mathematicks in the City of Cheſter, 
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LONDON : Printed for Tho. Horne at the Souths Entrance into 
the Royal- Exchange, J. Woodward at the Bille in cal tine- Ally 
agalnit Stocks: Market, and 4. Bettcſworth at the Kea Lyon on 


- London- Bridge, 1713. 


P ON Careful Peruſal of this 
Book, we think it a good Intro- 
duction to the Abſtracted Parts of Ma- 
thematicks, and as ſuch we recommend 
it to the Studious and Induſtrious Reader. 1 


J. Raphſon, A. M. & R. 8. 8. 


H. Ditton, Maſter of the New 
Mathematical School in 
Chriſt's Hoſpital. 


Io the Honourable 

S. JohN WENTWORTH of 
North Elm Hall in the Weit 
Riding of Yorkſhire, Baronet, 


8 IR., 


5 JS now many Years, ſince I firſt 
laid a Scheme of ſuch a familiar 
Introduction to the Mathematicks, as would 
Encourage the younger Students to proceed 
with Eaſe and Chearfulneſs in that kind of 
Learning. But the Deſign had been ren- 
diered Abortive, had not your Approbation 
(when you took the Tronble te peruſe 
the Manuſcript) given e e ur- 

ſue it; ſo that whatſoever is found worth the 
taking Notice of in this Treatiſe, is wholly 
owing to you 3 And therefore, as you have ſo 
Far Influenced this Unlertaking, I here beg 
Leave it may be preſented to the World un- 
der your Protection. . 
Here, Sir, I might exſpatiate in your Prai- 
fes, and ſay a great deal of my own Knowlege, 
both as te your own Induſtry and Acquirements, 
A 2 — 


. 
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as alſo the Encouragement you give to others 
in the purſuit of all kinds of uſeful Learn- 
ing: But I am very ſenſible hom Unpleaſing 
it would be to you, ſhould I proceed in that 
Strain, (ſo uſual in Dedications) and 
therefore will not preſume to offend your Ears 
with mentioning Particulars : Nor need I 
do it, your Generofity and Natural Inclina- 
tions of doing Good to every one, being fo well 
known to all that know you.. 7 
Only, Sir, permit me to aſſure you, that I 
am infinitely Pleas d with the Opportunity 
of making this publick Acknowledgment, of 
the great Obligations which you have been ſo 
Lind to confer upon, e 


"Tour Honour's moſt Humble, 


and mo$t Obedient Servant, 


——_ 


THE 
PREFACE 
Hoever publiſhes any Book, ſeems oblig'd by 
Cuſtom to write a Preface to it ; wherein it's. 
expected that he ſhould ſhew the Uſefulneſs of the Sub- 
ject he Writes upon; And the Motives which induc'd 
him to write upon that Subject. E 
To the Firſt, 1 preſume it needleſs to ſay any thing; 
viz, of the Uſefulneſs and Advantages that accrue to 
Mankind from Mathematical Learning in general; And 
eſpecially from thoſe two Excellent Sciences Arithmetick, 
and Geometry ; there being no Buſineſs, Employment, or 
Trade whatſoever, that can be well manag'd without 
ſome Knowledge of the Firſt; Nor any Curious Mecha- 
nick Arts either Invented, or Improved without the 
Aſſiſtance of the Latter, And therefore *tis no Wonder, 
that in all Ages ſo many Ingenious and Learned Perſons 
have employed part of their time in compiling large 
Volumes upon thoſe Subjects. Bur many of thoſe Au- 
thors ſeem to preſuppoſe or take it for granted, That 
their Reader hath made ſome Progreſs in that ſort of 
Learning, before he attempt to peruſe their Works: 
And not only that, but very few have Treated upon 
more than one or two Sciences in any ſmall Volume. 

It was theſe Conſiderations that put me (many 
Years ago) upon compoling the enſuing Treatiſe, purely 
for the Uſe and Benefit of ſuch as are wholly Ignorant 
of the very firſt Rudiments (Or have not the leaſt Noti- 
on) of Mathematicks : And therefore I've begun at 
the very Foundation or firſt Principles, viz. with an 
Unit in Arithmetick, and a Point in Geometry; And from 

y thoſe I proceed gradually, Leading, as it were, the 
young Learner, ſtep by ſtep, with all poſſible Plainneſs, 
till he arrives at ſuch things as will (with 4 little Appli- 

cation) either Qualify him for Buſineſs ; or fit and 
. prepare 
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8 prepare him for higher Speculations, without the Trou- 


— 
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The PREFACE, 


ble and Charge of other Books. . | 
The Ticle Page hath given a ſhort Account of 
the ſeveral Parts Treated of, which I ſhall not Inlarge 


upon, but leave the Book to ſpeak for it ſelf ;, and if it 


be not able to give Satisfaction to the Reader, Iam ſure 
all I can ſay here in its behalf will never Recommend 
it: But this 1 may (without Vanity) preſume to ſay, 
that whoever Reads it over, will find more in it than 


the Title doth promiſe, or perhaps he expects. Tis 


true indeed, the Dreſs is but Plain and Homely, it be- 
ing wholly intended to Inſtruct, and not to Amuſe or 
Puzzle the young Learner with hard Words; nor is it 


my Ambitious Deſire of being thought more Learned 


or Knowing than really I am, by writing in ſuch obſcure 
Terms as a Late Author has done; However in this I 
ſhall always have the Satisfaction, That I've ſincerely 
Aim'd at what is Uſeful, altho' in one of the meaneſt 
Ways; Tis Honour enough for me to be accounted as 
one of the under Labourers in Clearing the Ground a 
little, and Removing ſome of the Rubbiſh that lies in 
the Way to Rnowlege. How well I have performed | 


that, muſt be left to proper Judges. 


To be brief; As I am not ſenſible of any Fundamen- | 


tal Error in this Treatiſe ; ſo J will not pretend to fay | 


it is without Imperfections, ( Humanum eft errare ) 


which I hope the Reader will excuſe and paſs over with 


the like Candor and Good Will that it was compoſed | 
for his Uſe; by his hearty well Wiſher | 
J. Ward. | 


London 


October 10th, 1706. from my Houſe near 


the Kings-gate in Red-Lyon Ficids. 


ERRAT 4. 


AGE 21, Line 9, dele be. p. 145, l. 25, read Margin. p. 155, 

J. 6, r. Margin. p. 157, J. 30, r. have. p. 176, 1.8, r, 2 

p. 230, l. 31, r. Alligation. p. 228, J. 6, r. Sorts. p. 245, J. 29, 
7, Principal. p. 246, J. 2.7, . P. 247, l. 33, 7. — 5 
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Recegnita, Concerning the proper Subjects, or By meſs of 
P Mathematichs, &C. hb . 
Chap. I. 


ſuch Characters as are uſed in this Treatiſe, * 3 


Chap. II. 
Chap. III. 


Chap. IV. 
Chap. V. 


Chap. VI. 
Chap. VII. 
Chap. VIII. 
Chap. IX. 


Chap. X. 
Chap. XI. 


THE 


f Arithmetick, Part I. 


Pages. 


I 
Concerning the ſeveral Parts of Arithmetick, and of 


Concerning the Principal Rules in Arithmetich, aud 
how they are perform'd in Mole Numbers. 5 
Concerning Addition, Suhſtraction, and Reduction of 
Numbers that are of different Denomi nations. 31 
Of Vulgar Fractions, in all their various Rules, 48 
Of Decimal Fractions or Parts, with all the uſeful 
Rules, and Contractions, &c. 3 
Of Continued Proportion, both Arithmetical and Ge 


metrical ; And how to vary the Order of Things. 72 
Of Dꝛijjunct Proportion, or the Golden Rule, both 


Dirc&, Reciprocal or Inverſe, and Compeund, 85 


The Rules of Fellowſhip, Bartering, and Exchanging 
of Coins. 4 | 


| | 99 
Of Aligation or Mixing of things, in all its Varieties 


or Caſes. 110 


Concerning the Specific Gravitzes of Metals, &c. 117 
Evolution or Extracting the Roots of all Single Powers, 
how High ſoever they are, by one General Method. 123 


Algebza. Part II. 


The Method of Noting down Quantities, and Tracing of 


the Steps uſed in bringing them to an Aquation. 143 


The Six Principal Rules of Algebraick, Arithmetick, in 


whole Quantities. 147 
Of Alpebraich Fractions, or Broken Quantities. 163 
Of Surds, or Irrational Quantities. 171 


Concerning the Nature of Aquations, and how to 


prepare them for a Solution, &c. 175 


Of Proportional Quantities, both Arithmetical and 


Geometrical Continued ; Allo of Muſical Proportion. 184 


Chap. 
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The Contents. 


| Chap. VII. Of Proportional Duantities Digunt, both Simple, 
| Duplicate, and Triplicate ; And how to turn Æqua- 
| uu tions into Analogies, &C. . 190 
Bu Chap. VIII. Of. Subftiturion 5; And Reſolving Quadravich Aqua- 
tion. . 3 | 19! 

Chap. IX, Of Anais or the Method of Reſolving Predict 
Exemplified by Forty Numerical Dueſtions. 202 

Chap. X. The Solution of all Kynd of Adfected Æquations in 
t Numbers. 234 
Chap. XI. Of Simple Intereſt, and Annuities in all their various 
Caſes. | | e 

Chap. XII. Of Compoumd Intereſt, and Annuities both for Nears 
and Lives; And of Purchaſing Free- hold Eſtates. 253 


| I Geometry. Part III. 

Chap. I. Of Geemetrical Definitions and Axioms, &c. 277 

it Chap. II. The Firſt Rudiments or Leading Problems in Geo- 
| merry. | | 285 

ö Chap. III. A Collection of the moſt nfeful Theorems in Plain 

| F Geometry, Analytically Demonſtrated. | 294 

| Chap. IV. The Algebraical Solntion of Twenty Egſie Problems in 

1 Tl uin Geometry; Which does in patt fiew the Te of 

| 

; 

: 


the Leſt Theorems, _ | 314 
V. Practical Problems and Rules, for finding the Area 
OO Right lind Superficies Demonſtrated. 3232 
VI. A New avd Eaſſe Method of finding the Crrele's Peri- 
| phery, and Area, to any Anne Exatineſs ; by the 
| | S:lution of One Æquation omly. Allo a New Fay 
of making Natural Sines and Tangents a priore. 341 
Conick Dectians. Part IV. 1 7 

Chap. I. Definition of 2 Cone, and all ins Sefons, &c, 355 
Chap. II. Concerning the Chief Properties of the Ellipſis, &c. 361 
Chap. III. Concerning the Chief Properties of the Parabola. 374 
Chap. IV. Concerning the Chief Properties of the Hyperbola. 380 

[| Atithmetick of Jnfinites, Part V. 
The Arithmetich, of Infinites Explain d, and rendered Eaſe;, 
| with its Application to Geometry, in Demonſtrating 
the Superficial, and Solid Contents of Circular, and 
Elliptical Figures, &c. #.* 

An Appendix of Pzactical Gauging, 
Vhereia-all the Chief Rules and Problems Tſeful an Garging, are 
Applied to Practice, &Cc, 1 
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> HE Buſineſ, of Pathematicks in all its Parts both 

„ Theory and Practice, & only eo ſearch aut and determine 

BB . the true Lyantity either of Matter, Space, or Motion, 
ca c4Ccording & Occaſſom requires. IF 3 


1 < 
- 


. 
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V Quantity of Matrer & here meant the Magnitude or bigneſs of 
am viſible 2 whoſe Length, Breadth, and Thickneſs may either 
be meaſured or eſtimated. _ 8 | 
| . antiry of Space j meant the diſtance of one thing from 
And by Quantity of Motion 5 meant the ſwiftneſs of any thing 
moving from gne place to another. 
The conſideration of theſe according as they may be propyſed, are the 
Subjects of the Mathematicks, but chiefly that of Matter. 
„ I. Now the conſideration of Matter, with reſpect to its Quantity, 
ing Form 4nd Poſition, which may either be Natural, Accidental, or 
and I Deßgned, will admit of infinite Varieties ; But all the Varieties that 
; 91 are yet Muamn, or indeed | ofible to be conceived, are wholly compriſed 
under the due Conſideration of theſe two, Magnitude and Number, 
which are the proper Subjects of Geometry, Arithmetick and Al- 
are gebra. All other Parts of the Mathematicks being only the Branches 


421 I theſe three Sciences, or rather their Application to particular 
ANI Caſes, bn 


B Geometry 


” 1 __—_—— 8 — . 


2 Præcognita. Part I. 


Geometrp * 2 Science by which we ſearch out and come uo 
know either the whole Magnitude, or ſome part of any propoſed Quan - 
tity ; and is to be obtained by comparing it with another known Quan. 


rity of the ſame kind, which will always be one of theſe, viz. 4 | 


43 
by: 


3: 


Line (or Length on!y) A Surface, (that 5 Length and Br&drb) 
r A Solid (which bath Length, Breadth and Depth, or Thick. 
neſs) Nature admitting of no other Dimenſions but theſe three, 850 
Arithmetick 4 Science by which we come to know what Num- 
ver of Quantities there are (either real or imaginary) of any kind 
contained in another Quantity of the ſame nd: Now this Conſide. 
ration j very different from that of Geometry, which x only to find 
ent true and proper Anſwers to all ſuch Dueſtions as demand, how Y 
Long, how Broad, how Big, Sc. But when we are to confide! 
either of more Quantities than one, or how often one Quantity 1 
contained in another, then we have recourſe to Arithmetick, which 
z5 to find out true and proper Anſwers to all ſuch Queſtions as demand 
how Many, what Number, or Multitude of Quantities there are. 
| To be brief, the Subject of Geometry that of Quantity, with re.. 
Spe to its Magmrude only ; and the Sulject of Arithmerick 3 

uantities with reſpect to their Number only. = 

Aigebꝛa 4 Science by which the moſt abſtruſe or difficult Pro. 
blems either in Arithmetick or Geometry are Reſolved and Deman-® 
ſtrated, that is, it equally interferes with them both; and therefore 
its promiſcuouſly named, being ſometimes called Specious Arithme- 
rick, 48 7 Harriot, Vieta, and Doctor Wallis, Sc. And ſometimes 
zts called Modern Geometry, partioularly the ingenious and great 
Mat hematician, Mr. Edmund Halley, Savilian Profeſſor Geo- 
metry in the Univerſity of Oxford, giving this following Inſtance of 
the Excellence of our Modern Algebra, Writes thus. 


N 


© The Excellence of the Modern Geometry (faith he) is in n 
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© thing more evident, than in thoſe full and Adequare Solutions | 


gives to Problems: Repreſenting all the poſſible Cafes at one view, 
and in one General Theorem many times comprehending whole 


l £4 ö } 


Subjects of large Treatiſes : For whatſoever J heorem © ſolves the 
© moſt complicated Problem of the kind, dees with a due Reduction 
* reach all the Subordinate Cafes. Of which be gives a notable 
Inſtance in the Doctrine of Dioptricks for finding the Foci 
of Optick Glaſſes univerſally (vid. Philofophieal Tfanſactions. 
Numb. 20 5.) 1 
Thus peu kave a ſhort and general Account of the proper Subjefs 2 
of thoſe three Noble and Tſeful Sciences, Arithmetiek, Geometry 
and Algebra, I ſrall now proceed to give 4 particular account 7 1 
| each, 


mt 


— 

= Chap. I. Of Characters. | 3 
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an. each, and firſt of Arithmerick, which is the Baſis or Foundation 
\n. ef all Arts, both Mathematick and Mechanick ; and therefore it 


; q ought to be well under ſtood before the reſt are medled withal. 


Lies 9 = 


CHAP. I. 


concerning the ſeveral Parts of Arithmetick, with the Definition 
of ſuch Characters as are uſed in this Treatiſe, 


, Rithmetick, or the Art of Numbring, is fitly divided into 
28 three diſtinct Parts, two of which are properly called 


are, 5 Natural, and the third Artificial. 


re. The firſt being the moſt plain and eaſieſt, is commonly called 
k „ Vulgar Arithmetick in whole Numbers; becauſe every Unit or 


Integer concerned in it, repreſents one whole Quantity of ſome 


o7. Species or thing propoſed. 

. The ſecond is that which ſuppoſes an Unit (and conſequently 
fore the Quantity or thing repreſented by that Unit) ro be Broken 
me. or Divided into equal Parts (either even, or uneven) and con- 
mes liders of them either as pure Parts, viz. Each leſs than an Unit, 


or elſe of Parts and Integers intermixt. And is uſually called 
eo. the Doftrin of Vulgar Frattions, | | 

% The Third, or Artificial Part, is called Decimal Arithmetick ; 
being an Artificial Invention of managing Fractions or Broken 
Numbers, by a much more commodious and eaſie way than 


no- 

wo that of Vulgar Fractions: For the ſeveral Operations performed 
ew, in Decimals, differ but little from thoſe in Mhole Numbers; and 
hole. therefore it is now become of general Ule, eſpecially in Geome- 
amn frical Computations. . 

„ Artithmetick (in all its Parts) is performed by the various 


5 ordering and diſpoſing of Ten Arabic Characters or Numeral 

Figures (which by ſome are called Digits) 

ab ND | | 

voci vis ; One Two Three Four Five Six Seven Eight Nine Cypher, 
is E Taff 


ons.“ . 1 
fy 5 The uſe of theſe Characters 3s ſaid te be firſt introduced into 
ary | England near ſix hundred Years ago, viz, about the Tear 1130. 
+ of vide Doctor Wallis's Algebra, Page 12. | 
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The firſt of- theſe Characters is called Unity, and repreſents 
ate of any kind of Species or Quantity. As one Morid, one 
Star, one Man, &c. „CCG. 
Viz. Unity is that by which every thing that is, is called one 
(Euclid 7. Def. 1.) and is the beginning of all Numbers. That is 
to ſay, Number is a Mrltitnde of Uniti. Euclid. 7. Def 2 


For, one more one, makes two; and one more one more 


one makes three, c. Hhich is the firſt and chief Poſtulate, or 5 
rather Axiom to Arithmetick. 3 + 


That 1+1=2 1+11=3, ITI It. * 
11. 1 nr And ſo on to 9. | | 


Nine of theſe Figures were thus compoſed of Units, and dif- 
ferently form d to repreſent ſo many Units put together into one 
Sum, as was intended each ſnould denote: Nixe being the greateſt 
Number of Units that was then thought convenient to be expreſſed 
by one ſingle Character; the laſt of the Ter is only a Cypher, or 
(as ſome phraſe it) a nothing, becauſe of it ſelf it ſignifies no- 
thing; for if never ſo many Cyphers be added to, or Subſtrafed 
from, any Number, they can neither increaſe nor diminiſh that 
Number; but yet as a Cypher (or Cyphers) may be placed, the 
other 's. why will become of different Values from what they 
were before, as will appear further ou. 5 1 


- 


putations ; I do adviſe the young Learner to acquaint himſelf 
with the Signification of the following Algebraick Signs or Cha- 
raFers, which he will find of excellent uſe, as being a much 


ſhorter, better and more fignificant way. of denoting what is to 


be done (in moſt Operations) than can otherwiſe be expreſſed | 
in words at length. 135 „ 


Signiſications. 


Signs Names, The Sign of Addition 5 As 847 is 8 more 
7, and ſignifies that the Numbers 8 and 7 are 


| 4 þ Ply er to be added into one Sum. The like is to be 


5 < underſtood: when ſeveral Numbers are connected 
* + together with the Sign +. . 


ol As 34 T 22 9 ＋45, &c. denotes theſe are 
Call to be added into one ũmmm. 


* 


The 


28 


For the more convenient order ing of the aforeſaid Numeral © 
Figures, according to the ſeveral Varieties that happen in Com. 
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Chap. 1. Of Characters. 3 
1 11 5 Tbe Sign of Sabſtratfiion ; As 9.46 is 9 leſs 


206, and ſignifies that 6 is to be taken friim 9, 
oy leſs. that fo their difference may be found. 


renn C ect 
; 
1 
' 
N 
8 


with. J into 6, and ſignifies that 9 is ro be Multiplied 


p = 


Into: o F. The Sign of Muliplication ; as 9 x 6. i 
x s 
9 into or with 6. 


= The Sign of Diviſion ; as 8=2, is 8 by 2, 
= .7F6 3 £ and ſignifies that 8 is to be divided by 2, alſo 
= 34 oh thus 2) 8 (4. or thus 3 eachg ſignifying the 
= L ſame thing, to wir, 8 Avid N 2. ve be 
The Sign of Equality or Equation, viz. when- 
ever this Sign = 1s placed berwixt Numbers 
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as 9==9, or 9+6==15, or 9—6=3, Sc. Thar 
is 9 is equal to 9, or 9 more 6, is equal to 
15, and 9 leſs 6, is equal to 3, &c. 


The Sign of Proportion, or that commonly 
=_ called the Golden Rule, or Rule of Three, and 
= . II 50 is C 15 always placed betwixt the two mid- 
ks AI dle Terms or Numbers in proportion. Thus 


© Is ro 8, So is 6, To 24. 


3 Theſe Signs and their Significations, ; being perfectiy learnt, 
h will help ro ſhorten the Work. 


ENT >» ; he. 


E: Concerning the Principal Rules in Arithmetick. and bow they are 
_ performed in Whole Numbers. 140 


— 


J ia all the Parts 'oþ Avthmetith; ate many ard various, 
ſeveral of them being form d and rated as Occaſion requires, 


hen applied to Practice, yet they are all comprebended within | 


ve BY the due Conſideratien of theſe Six, vi. Numeration (er No- 


4 ad Jeu. „ber Luantities) it denotes them to be equal, 


2:8 :: 8: 24. To be read thus 3 2, 


HE Rules which Numerical 'Operations are per form's : 


* 
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6 | Arithmetick, | Part 1, tl. 
tanto Addition, Subſtracion, ultiplication Diviſion 
and Evolution, or Extraction of W | 0 


Sec. I. of Numeration, or Notation. : 
Numeration or Notar ion, Teacheth to Read or Expreſs the | i 


true value of any Number when writ down; and conſequently | 
ro write down any propoſed Number according to its true value 
when it is named: And this conſiſteth of tyo Parts; 


: =y 


1. The due der of placing down Figures. 
2. The true Valuing of each Figure in us place. 
Both which are * exhibited 1 in the —_— Table. 


; O's Feat 


=_ ! 


JS 1 . 
18 ? T . — 
3 a "Ds = 8 
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RENE S | E 
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Period of Period of ; Period {Period of 
Thouſands ; Millions. of Thou- "Units, 
UE Mullions.: | : ſands, p 


td * * — — 


By this Numeration Table it's apparent that the order ii 
Places is reckoned from the right Hand towards the left; ; the 
firſt place of any Number being always that which is the out. 
molt Figure to the right Hand; and whatever Figure ſtands i in 

that place doth only ſignifie its own {pple value, viz. Sq 
Units as that Figure repreſents. g 

The ſecond place is that of Tens, any Figure ſtanding in 

hat bier ſignifieth, to many Tens as that Figure repreſen 
Dit. ö 


— — — — — — 
— — — 2222 — —— — — 
* 


Chap-2. Of Numeratron. 


| Units, The third place is Hundreds, the fourth. place Thands, 


&c. Thar is, each place towards the left Hand is Ten. times 


the value of that next it towards the Right. 


For inſtance, ſuppoſe 759 were propoſed to be read or pro- 


| nounced according to the value of each Figure as they now- 
ſtand. The firſt Figure in this Sum is 9, becauſe it ſtands in 


the place of Units, and therefore ſignifies but its own fimple 
value, to wit 9 Units or Nine. The ſecond Figure 5 ſtands in 


| the place of Tens, and therefore ſignifies five Tens. or Fifty. 


The Figure 7 ſtands in the third place, or place of Hundreds, 


and therefore it ſignifies, Seven Hundred, and . the whole Sum is 


to be read or pronounced thus, Seven Hundred Fifty Nine. 
Note, although the Figure 7, ſtands in the third place (ac- 
cording to the order of Numbering) yet when the Whole Sum 
comes to be read it's firſt pronounced, the reading of Numbers 
being per form d like that of Letters or Words, always begin- 
ning with the outmoſt Figure towards the left Hand, and ſo 
many Figures as are placed together without any Point, Comma, 
Line, or other Note of Diſtinction between them, are all but 
one Sum, and muſt be read as ſuch. n 

For Example, 763596 is but one intire Sum or Number, not- 


withſtanding it conlilts of fx places of Figures, and is thus 


read; Seven Hundred Sixty Three Thouſand Five Hundred Ninety 
Six. 7 5 3 998 FW 3 = Taro ; ; 0 | 
_ The like is to be obſerved in reading or exprefling the true 
value of any Sum or Rank of Numbers conſiſting of Seven, Eight, 
Nine, or more places of Figures, each Figure being to be valued 
according to us diſtance from the place of Unity: As in the 
foregoing able. | | A nit Nee 
Now ſuch Values may as well ariſe by Cyphers, as by other 


Figures; for inflance, 6 ſtanding by it elf, repreſents bur 


fix Units: But if a Cypher be annext to it thus, 60, then it 
becomes Sixty; for the Cypher poſſeſſing the place of Units, 
bath thereby removed the 6 into the place of Jens; and another 
Cypher. more would make it 600, Six Hundred, &c. 
 Whence it may be noted, that altho a Cypher of it (elf ſigniſie 
nothing (as hath been ſaid before) yer being placed on the right 
Hand of any Figure, it augments the value of that Figure by 
advancing it into a higher place than otherwiſe it would have 
been, had not the Cypher been there. | 

Take one Example more in Numeration, if you pleaſe, that 
in the Table, viz. 678987634321, Which is. according as 1s 
there ſignified. 5 | FE 

„ | Si. x 


« 
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riehmetick, | 2 ty 
\ | 3 123 [Seventy Eight Thouſand Millions | 


1 Six Hundred Fifty Fhur Thouſand © = 4 
_ Three Hundred Twenty One Units. Of any MET Sperl, o. Af 
ii Duantitiez whatſoever. ; 


l | And here it may be obſerved, that every third Figure roull 
1 tte place of Units, bears the Name of Hundreds ; ; which ſhews 7 
"ut chat it any great Sum be parted, or rather diſtinguiſhed into 
| Periods, of three Figures in each Period (as in the foregoing 2 
| Table) it will be © good ule to help the young Learner m 

the eaſter yaluing and Nun that Sum. 1 


Seck. 2. Of Addition 


Poſtylate or Petit ion. | 
That ay given Number ny be increaſed or made more, ; 6 putin 
another Number 7d ze. 


Addition is that Rule by which ſeveral 1 are collected . 
and put rogetker, that ſo their Sun or Total Amount may be 
known, 3 
In this Rule two things n, carefully obſerved, the Work 5 
will be eaſily performed, 5 

1. The firſt is the true placing of the Nembern ſo as that b- 
each Figure may ſtand directly underneath thole Figures of the 
ſame value, viz. Place Units under Units, Tens under Tens, and E 
Hamdreds under Hundreds, & c. . 

Then underneath the loweſt Rank Calways) raw 4 Line- to 
ſeparme the. given Number: from their Sum when it's found. 

Example. If theſe Numbers 54.327, and 2651 were e Feen 10 
be ad W they me be MI. : 
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2. The ſecond thing to A* . is the due Colectiag of : 
* Adding together each Row of Figures that ft and over one another q 
i of the lame value: dba is thus perlormed. id; | 


PINA begin your Addition at the place of Units. 3 al gage. þ 


i ther all the Fi igures that ſtand in that place, and if their Sum be 
1 ander Ten, ſet it down below the Line underneath its own place; 
x but if their Sum be more than Ten, you muſt ſet down only the © 
1 oder plus, or odd Figure above the Ten (or Tens) and ſo many Tens 
(| a the Sum of tinſe Units amount to, you muſe carry to the plac 7 
? of © 


bi Chap. 2 Of Addition, | 3 


= of Tens; Adding them and all the Figures that ſtand in the place 
ef Tens together, in the ſame manner as thoſe of the Units were 
Added; then proceed in the ſame order to the place of Hundreds, 
and ſo on to each place until all is done. 

ZZ The Sum ariſing from thole Addiricns will be the Total 
m Amount required. 


Example 14 


m L et it be required to find the Sum of the aforeſaid Numbers, 


„ 3 34327 
* 1 2651 | 
3 36978 the Sum required. 5 


„ Beginning ar the place of Uniti, I fay, 1 and 7 is 8, which 
39 being leſs than 10, I ſet it down, (according to the Rule) under- 
neath irs own place of Units; and then proceed to the place 
ed of Tens, ſaying 5 and 2 is 7, which being leſs than 10, 1 ſer 
be it down underneath its own place of Tens, and proceed to do 
the like at the place of Hundreds, and then at Thouſands, ſetting 
rk each of their Sums underneath their own reſpective places: 
Laſtly, becauſe there is not any Figure in the lower Rank to 
be added ro the Figure 5, which ſtands in the place of Jen 
be Thouſands, in the upper Rank, I therefore bring down the ſaid 5 
nd to the reſt, placing it underneath irs own place, and then I find 

that 54327-+2651=356978, the true Sum required. 


Example 2. 


3} Suppoſe it were required to find the Sum of theſe Numbers, 
2 3578+496+742-+184 +95, Theſe being placed, as before 
directed, will ſtand as in the Margin. Then beginning (as 
before) ar the place of Units, ſay 5 and 4 is 9, and 2 3578 
is 11, and 6 is 17, and 8 is 25, ſer down the 5 Units 


: 6 

2 Z underneath its own place of Units, and carry the 20, = 

lex 1 . 1 1 4 
bor two Tens to the place of Tens (at which place they 18 a 
are only 2) ſaying, 2 and 9 1s 2 11, and 8 is 19, and 95 
41s 23, and 9 is 32, and 7 is 39, ſet down the 9 under- 


ge. neath its own place of Tens, and carry the 30, or three 5995 
be F Tens (which indeed is 300) to the place of Hundreds, at which 
e; place they are bur 3, ſaying, 3 I carry and f is 4, and 7 is 11, 
the and 4 is 15, and 5 is 20, here becauſe there is no Figure over- 
ens plus (as before) I fer down a Cypher undernearh the place of 
ace Hundreds, and carry the 2 Tens, (or rather the 2000) do the 
of ® | C place 


” 4 ä _ ho an 
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ro Arithmetich, Part I. 


6 | place of Thouſands, ſaying (as before) 2 I carry and 3 is 5, 9 
1 which being the laſt, I ſer it down underneath its own place, XN 
11 and all is finiſhed. And find the Sum or Total amount to 3 
11 $095=3578+496+742+184 +95 cs 
| If this Example be well conſidered, it will be ſufficient to 
| ſhew the uſual Method of Addition in whole Numbers; but 
| to make all plain and clear, I ſhall ſhew the young Learner 
ant the reaſon of carrying the Tens from one Degree or Row of 
11 Figures, to the next Superior Degree, which is done purely to 


ſave Trouble, and prevent the uſing of more Figures than are 5 | 
. really neceſſary, as will appear by the following Method of ; 
b adding together the {ame Numbers of the laſt Example. 


1 Thus, Add together each ſingle 325728 
„ Row of Fizures by it ſelf; as if there a 
5 were no more but that one Row, 
| ſetting down the Sum underneath its 
own place. 5 


1 The Sum of the Row of Units, is 
| Ihe Sum of the Row of Tens, is 
The Sum of the Row of Hund. is 
The three Thouſand brought down 


The Sum or Total amount as before, is 5 © 95 
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From hence I preſume it will be eafie to conceive the 

1 true reaſon of carrying che aforeſaid Tens; and allo that 

| Cyphers do not augment or increaſe the Sum in Addition. (See 
It | Page 4.) 

| s might have here inſerted 2 Lineal Demonſtration of this 

Rule of Addition; bur I thought it would rather puzzle than 

q | improve a young Learner, eipectally in this place ; beſides the 

[ { reaſon of it is ſufficiently evident from that Natural Truth 

| of the whole being equal to all its parts taken together. Euclid. 1. 


C Axiom 19. | 

+ Thar is, the Numbers which are propoſed to be added to- 

1 gether are by that Axiom underſtood to be the ſeveral parts, 
1 and their Sum or Total amount found by Addition is underſtood 
'F to be the whole. | 
1 And from thence is deduced the Method of proving the 
1 truth of any Operation in Addition, viz. By parting or ſeparating 
1 the given Numbers into two Parcels (or more according to 


'F the largeneſs of it) and then Adding up each Parcel by 3 
; 4 | 1 2 


. } 
ky 
| | V. 
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f Subftraction. 11 


| Chap. 2, 
* ſelf : For if thoſe particular Sums ſo found, be Added into 
one Sum, and that Sum prove equal or the ſame with the Pra 


Sum firit found, then all is right; if not, care muſt be taken 


io diſcover and correct the Error. 
r E / « 
ö | | „ Example. 
o 8 3547 SPIT 
oi | 3289 > The Sum of theſe Parts is, 12952 
'c 8 -a aq} 4970 . 
4 5 2900 Th 10 | 
2 50% % The Sum of theſe, is 9513 
b 16063 The Sumof each Par- 22 465 
I be Ty. Sum of 77246 cel put together. Ip 
all theſe Parts SF: 1 
| Sect. 3. Of Subſtracion. 
B Peoſtulate or Petition. 
bat am Mumber may be diminiſhed, or made leſs, Ly taking 
1 5 another Mumber From it. 


Subſtradion is that Rule, by which one Number is Deducted 
or taken out of another, that ſo the Remainder, Difference, or 
Exceſs may be known, 
— As 6 taken out of 9, there Remains 3. This 3 is alſo the 
7 Difference betwixt 6 and 9, or it is the Exceſs of 9 above 6. 
Ĩ!hberefore the Number (or Sum) out of which Subſtrattion is 
required to be made, muſt be greater than (or at leaſt equal ro) 
the Subtrabend or Number to be Subſtracted. | 
Note, Thus Rule us the Converſe or direct contrary to Addition. 
And here the ſame caution that was given in Addition; of 
placing Figures directly under thole of the {ame value, viz. Units 
under Units, Tens under Tens, and Hundreds under Hundreds, 
&c. Muſt be carefully obſerved, alſo underneath the loweſt 
Rank there muſt be drawn a Line (as before in Addition) to ſe- 
parate the given Numbers from their Difference when it's found. 
Then having placed the leſſer Number under the greater, the 
Operation may be thus performed. 


5 ; Rule. 

Begin at the Right Hand Figure or place of Units (as in Addi- 
tion) and take or Subſtract the lower Figure in that place from 
ebe Figure that ſtands over it, ſetting down the Remainder or 

- C2 Difference 


12 Arithmetick, Part l. 
Difference underneath its own place, if the two Figures chance to 
be equal, ſet down a Cypher. But if the upper Figure be leſs than 
the lower Figure, then you muſt Add 10 to the upper Figure, or 
mentally call it jo more than it u, and from that Sum Subſtract 
the lower Figure, ſetting down the Remainder (as before directed.) 
Now becauſe the 10 thus added, was ſuppos'd to be borrowed from the 
next Superior place (viz. of Tens) in the upper Figures, therefore 
you mul? either call the upper Figure in that place from whence the 
10 was borrow d, one fl than really it ts, or elſe (which all one 
and moſt uſual) you muſt call the lower Figure in that place one more 
than it really , and then proceed to Subſtraction in that place, as 
in the former; and ſo gradually on from one Row of Figures to 
another until all be done. 55 
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Example 1. 


Let it be required to find the Difference between 6785, and 
4572, That is, let 4572 be Subſtratted from 6785. 
A Theſe Numbers being placed down, as before directed will 
tand, TOs: 5 e . 


Th. 6785 
Tn 4572 


2313 I, | 
Beginning at the place of Units, rake 2 from 5 and there 
will Remain 3, which muſt be ſer down underneath its own place, 
and then proceed to the place of Tens, taking 7 from 8, and 
there will Remain 1, to be fer down underneath its own place ; 

again at the place of Hundreds, take 5 from 7, and there R- 
mains 2, which fer down, as before; laſtly, rake 4 from 6 and 
there will Rmain 2, which being ſer down underneath its own 
place, the Work is finiſhed, and the Difference ſo found will be 
2213=6785—4572 as was required. | | 


I be Difference between 5849, and 7496 is required. 
Having placed the Numbers as in the Margin, be- 
gin at the place of Units (as before) and fay 9 from 6 7496 
cannot be, bur 9 from 16 and there Remains 7, ro be 5549 
ſer down under its own place, next proceed to the 1647 
place of Jens, where you muit now pay the 10 that 
was borrowed re make the 6, 16, by accounting the upper 
Figure ꝙ in that place one les than it is, ſaying, 4 from 8 and 
there Remains 4, or elle (which is the moſt practiſed) ſay 1 1 
borrowed 
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Chap. 2. Of Subſtractin. 13 


borrowed and 4 is 5 from 9 and there Nmains 4 to be ſer 
down under its own place (as before) again at t place of 


Hundreds, (ay 8 from 4 that cannot be, bur 8 from 14 there 


will Remain 6 to be ſer down; and here I have borrowed 10 
(as before) which muſt be paid in the fame manner as the 
other 10 was, viz. either by calling rhe 7 in the upper Rank 
but 6, ſaying 5 from 6 there Remains 1, or elſe by ſaying 1 
borrowed and 5 is 6 from 7 and there Remazns 1, which being 
ſer down under irs own place all is done, and the Defference re- 
quired will be 1647=7495—5849. 


Example 3. 


From 830476 
Take 741068 


Remams 89408 | 
By this Example you may perceive that Cyphers in the Subtra- 
bend, viz. in the Numbers to be Subſtracted, do not diminiſh che 
Number from whence Subſtraction is made. See Page 4. 
Theſe three Examples I preſume may be ſufficient to ſhew 
the young Learner the Method of Subſtratinz whole Numbers ; 
as for the Reaſon thereof its the ſame 4 that of Addition, 
Page 10. viz. of the whole being equal to all its parts taken 
together. | 
Thar is, in this Rule the Number from which Sulſtractiom is 
required to be made, is underitood to be the whole, and the 
Subtrabend or Number to be Subſiratted, is ſuppos d to be a part 
of that whole, conſequently if that part be taken from the 
whole, the Remainder will be the other part. | 
From hence is deduced the common Method of proving Sub. 
ſtraction, by adding together the Subtrahend and the Remainder. 
For if the Sum of thoſe two which are here called Parts, be 
equal to the Number from whence Subſtraction was made (which 
is here called the whole) then the Work is right; if not, care 
muſt be taken to diſcover and correct the Error. 


Example. 
From $9435 
Take 47608 
11827 Add | 
Proof ra The Sum which is equal to the Number from 
| 594354 whence Sulſtraction was made. 


— 


Or from the abeveſaid Reaſon, it will be eaſy to con- 
cerve how to prove the truth of Sulſtraction by Sub. 
ſtraction. | | 


For if from 59435 being here the whole, 

there be taken, 47608 as a part of that whole, 

there will Remain 11827 the other part (as before) 

And if from 59435 the whole, there be Subtrafed 
the laſt part, viz, 11827 | TT 


2 


there will Remain 47603 the firſt part, or Number which 


was required to be firſt Sulſtracted 


From 75643 From 9000000 
Take 9000 Take 986432 


66643 Remains 6013568 


Sect. 4. Of Pultiplitation. 


Multiplication is 2 Rule by which any given Number may 
be ſpeedily increaſed according to any propoſed Number of 


Times. 5 | | 

That s, One Number is ſaid to Multiply another, when the 
Number Multiplied x ſo often Added to it ſelf, as there are Units 
in the Number Multiplying ; and another Number is produced. 
(Euclid 7. Def. 15.) 3 
Io perform Multiplication there is required two given Num- 
bers, called Factors. FRED 

The firſt is that Number which is to be Multiplied, and is 
generally put the greateſt of the two Numbers, commonly called 
the Multiplicand. 1 N 

The other is that Number by which the firſt is to be Multi- 


pled, and is uſually called the Multiplicator or Multiplier; and 
this denotes the Number of Times that the Multiplicand is requi- 


red to be Added to it felf, For fo many Units as are contained 
in the Multiplier, ſo many times will the Multiplicand be really 
Added to it ſelf, (as per Euclid above.) And — thence will 
ariſe a third Number, called the Product. But in Geometrical 
Operations its called the Rectangle or Plain. 

For inſtance; ſuppoſe it were required to increaſe 6 four 


times, That is, tro Multiply 6, into or with 4, theſe two 


Numbers are to be ſet (or placed) down as in Addition or 
Sulſtraction. | wh 


Thus 


1 Arithmetick. 3 Part I- 
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Mult: plier, 


Product 24 viz. 4 times 6 is 24, as plainly appears 
by Addition, viz. By Setting down 6 four III 6 
times, and then adding them together into 42 6 PL 
one Sum, thus. - | 3] 6 ; 

From hence it is evident that Multiplication 141 6 
is only a Conciſe or Compendious way of Adding 24 | 
= ay > mo to it ſelf ſo often as any Number of Times may 
1 por any Operation can be readily Perform'd in Multipli- 
tation, the ſeveral Producls of the ſingle Figures, one into another 
muſt be perfectly learn d by Heart, viz. That 2 times 2 is 4, 
that 3 times 3 is 9, that 3 times 6 is 18, Oc. According as they 
are expreſſed in the following Table. Wherein I have omitted 
Multiplying with 2, it being ſo very eaſie that any one may do it. 


Thus? 4 Multiplicand, or Factors. 


3 Multiplication Table. 
7 12X3= g9]4X4=16|5 X5=256X6==36 7X7 =49]13X8=6 
3X4=12 4X5=20]5X6=30|6X7 =42[7 X8=56]8X9=—=72 
3X5=15]4X6=2415X7 =356X8=48]7 X9=6Yo gg —=g1 
X6=—18]4X7 =28|5X8—=40|16X9=54 — — 
X7 =21]4X8=3215X9=45] oo 
3x3=24]4x9=3 
3X9=27I —- 


a> * 


I think it needleſs to give any Explanation of this Table; 
for if the Signs and their Significations be well underſtood, (vide 
Page 5.) it muſt needs be eatie. Only this may be noted, that 
4XZ=3X4. Or I X5=3X7, Sc. | | 
That is, 3 times 4, is the ſame with 4 times 3, or 5 times 
7, is the (ame with 7 times 5, Sc. The like. muſt be under- 
ſtood of all the reſt in the Table, | 

And when all theſe fingle Products are fo perfectly Learn d 
by Heart, as to be ſaid without pauſing ; you may then pro- 
ceed (bur nor till then) to the Buſineſs of Multiplication 5; which 
will be found very eaſie, if the following Rule (and Examples) 
be carefully obſerved. | 

Rule, 


Always begin with that Figure which ſtands in the Units place 
ve the Multiplier; and with is Multiply the Figure which ſtands 
in. 


— 


7 Arithmetic, Part i 


in the Units place of the Multiplicand; if their Product be leſs 
than Ten, ſet it down underneath its own place Units, and proceed 
to the next Figure of the Multiplicand. But if their Product be 
above Ten (or Tens) then ſet down the Overplus only (or odd Figure 
as in Addition) and bear (or carry) the ſaid Ten or Tens in mind © 
until you have Multiplied che next Figure of the Multiplicand, 
with the Jame Figure of the Multiplier; then to their Product Add © 
the Ten or Tens beared in mind, folding down the overplus of their 
Sum above the Tens, as before: and ſo proceed on in the very ſame 
manner, until all the Figures of the Multiplicand are Multiplied 
with that Figure of the Multiplier. ED 


Example 1, 
ppoſe it were required to Multiply 3213 into or with 3. 
8 321 Mul:iplicand” oe Keller: 
3 Multiplier, : 

Product 9639 5 
Beginning at the Units place, ſay, 3 times 3 is 9, which 
becauſe it is leſs than Ten, ſet it down underneath its own 
place, and proceed to the next place of Tens; ſaying 3 times 1 
1s 3, Which fet down underneath its own place, then to the | 
next place, viz. of Hundreds, ſaying 3 times 2 is 6, which fer | 
down, as before; laſtly, at the place of Thonſands, ſay 3 times 
' 3 is 9, which being ſet down underneath its own place, the 
Operation is finiſhed ; and the true Product is 9639=3213 x3, 
as was require. 2 


Let it be required to Multiply 8569 into 8. Set down theſe 
Numbers as before, 
8569 

Thus) 2 


3 68552 5 
Beginning at the Units place ſay, 8 times 9 is 72, fer down 
the 2 underneath its own place of Units, and bear the 70, or 
7 Tens in mind, and proceed to the next Figure of the Multip/i- © 
cand (at which place the 7 Tens are only 7) ſaying 8 times 6, 
is 48, and the 7 carried in mind is 55, ſet down the odd; 
underneath it's own place of Tens, and carry the 350 (which 
is really 500) to the next place (viz. of Hundreds) at which 
place it's only 5, where ſay, 8 times 5, is 40; and the 5 


carried in mind is 45, fer down the 5 underneath irs own place; 


and carry the 40 or 4 Tens (which is really 4000 ) to the 
2 next 
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next place, viz. of Thouſands, ſaying 8 times $ is 64, and 4 


| carried in mind is 68. (Now this being the laſt place or Figure 


to be Multiplied) ſet down the whole Product 68, and the work 


is done. | 


So that, $369 X8=535.52, the Product required. 
Now the Reaſon of this and all other the like Operations, 


| may be eaſily conceived from this which follows, | 


930 4 The ſame Factors as before. | 
1441 Here 8 times 9 is but 72, as before, becauſe 

© * the 9 ſtands in the Units place. 
| Now here it is not really 8 times 6—=48, but it 
4480 2 is 8 times 66=480, becauſe the 6 ſtands in the 
C place of Tens. "OD. IE 

| > And here ir is not 8 times 5=—40, bur it's really 
4 ofoſo 2 8 times 500=4000, becauſe the 5 ſtands in the 
C place of Hundreds. | | 

* Lafttly, becauſe rhe 8 in the Multiplicand ſands 
6\4JoJojo 2 in the place of Thouſands, it's therefore, 8 times 
| | ( 8000==54000, and nor 8 times 8=54. 
F Ine Sum of the particular Products, which gives 
6355 24 the true Product, as before. 


By what bath been already ſaid, with a little Conſideration 
bad to the Examples: I preſume the Learner may eaſily under- 
ſtand how to Multiply whole Numbers with any ſingle Figure. 
And when it is requir d ro Multiply with more than one; Then 


ſo many Figures as there are in the Multiplier, ſo many particu- 


lar Products there muit be. 

Thar is, all rhe Figures of the Multiplicand muſt be Mwltiplied 
with every ſingle Figure of the Multiplier as if there were but 
one ſingle Figure; and the Sum of all thoſe particular Products, 
will de the true Product required ; bur in thoſe Operations 
great care muſt be taken in ſetting down the particular Pro- 
ducts, (Which ariſe by euch Multiplying Figure) in their proper 
places. And that will be eaſily done if rhe following Directi- 
ons be carefully obſerv d. 


| Always place rhe firſt Figure (or Cypher) of every 
Viz. particular Product directly undernca:h the Multiplying 
Figure. Or thus: : 


The firſt Figure (or Cypher) of the ſecond particular Product 
muſt ſtand direfily under the ſecond Figure (or place) of the 
firſt Product ; and the firſt Figure (or Cypher) of the third 

a | D | | 
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of the firſt Product: And fo on until all is done. 


particular Product, muſt and direftl underneath the third Figure 


Now the reaſon of placing the firſt Figure of every particular 
Product in this order, will be very obvious to any one that con- 


ſiders the laſt Example; wherein the Cyphers are only 


ſer 


down to ſhew the rrue diſtance of the firſt Figure in each par- 
ticular Produ# from the Units place. And altho it is not uſual 
to ſer d>wn Cyphers in this manner; yet they are always ſup- 


pos d to be there: That is, their places are always left void, 


in the two following Examples; wherein I have placed Point, 1 
inſtead of Cypher. | e 3 


Example 3. 
Let it be required to Multiply 13094, into or with 7563. 


78094 7 
7563 : Factors. 


234282 The firſt articular Product with 
463564 . The ſecond particular Product with 


390470 ** The third particular Produf? with 30 


as 


545658 The fourth particular Product with #9000 


590624922 The Total, or true Product required. 


Example 4. 

Suppoſe it be required to Multiply 57498 into 60008 
57 498 
60008 | l 

459984 The ProduF wth 8 | 


344988 The Product wth 6ooo0 
3450339984 2357498 K 60008 as was required. 


Here you may obſerve, that I paſs over the Cyphers, and 


only take care of placing the firſt Product of the laſt Figure, viz. | 
of 60000 according to the foregoing Directions. 

When there is a Cypher or Cyphers, to the Right-hand either 
of rhe Multiplicand, or Multi plicator, or to both; in that 
caſe Multiply the Figures as before ; neglecting the Cyphers until 
the particular Products are added together; Then to their Sum 
annex ſo many Cyphers as are in either or both the Factor. 


As in theſe, 


Exampie * | 


222 I s x x RE ny ger Oe FE ie EY REFER ARIA 
3 EL r 2 . amen RES OST. WMS. 8 3 r 0 Fe 


r 


Chap, 2. Of Multiplication, 19 


Example 35. Example 6. | Example 7, 


9538 87600 | 785000 
4600 79 | 56900 
$7228 7884 7065 © 

38152 6132 4710 
43874800 6920400 3925 
| 44066500000 


Take a few Examples without their work at large. 
75649 x 57943800771 
687000 x 356=244572c00 * 
330674 x 4500 23884044718 
7901375 x 30000 237041250 
: $370840co x 590700=317255518800000 
3 102030405 x 504030201==51426405540261405 
bh 1 987654321 „123456789 —212193263 1112635269 


. TL 
3 
0 28 


„% VWote, If it be required ro Multiply any Number with 10, 
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100, looo, looo, c. its only Annexing the Cyphers of 
the Multiplier to the Figures of the Mult:plicand, and the Work 
is done. | 

7 $578 x 10 578. 578 x 1000 =g78000 

= Thus L 578 x 100==57800. 578 x L100002=5780009 & cc. 


3 Theſe Examples (being well underſtood) are ſufficient to 
inſtruct the Learner, in all the varieties that can happen in 
Ss Multiplying of whole Numbers, according to the Method ge- 
nerally practiſed; However it may not be amiſs to ſhew here 
how Muliplication may be performed (with many Figures) by 
Addition only. | 


Example. 


Let it be required ro Multiply 87 9654. into 79863; 

In order to perform this (or any other Operation of this 
kind) by Addition only; you muſt make a Tariffa or ſmall 
Table of the given Multiplicand, in this manner: 

Firſt, Make a fmall Column, and in it place gradually down- 
ward the nine ſingle Figures; Viz, 1. 2. 3. 4. 5 « &C. 


D 2 Then 


n — 


7 — — 


9 
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Ihen againſt the Figure 1, fer down the Multiplicand 
(which in this Example is 879654) and ag inſt the Figure 2, F 


ſer down the double of the Mrltiplicand, found by Adding 


it to its ſelf ; To this double Add the Multiplicand, ſetting 


down their Sum againſt the Figure 3. And 


And that the Numbers againſt any of thoſe Fi- 
gures in the ſmall Column, will be the true 


ſo proceed on by a continued Addition until | 1 
there be Ten times the Multiplicand in the 21759308 

Table, which, if the work is true, will be the 312638962 
Multiplicand it ſelf with a Cypher to the RighF 4 35186165 
band of ir (as in the Annexed Table) this be- 5 | 4398270 
ing done it will be eaſie to conceiye, that the _ 015277924 
Figures in the (mall Column of the Table, do Y 6157576 
rel tively repgeſent thoſe of the Multiplier; © | 7037232 
pectively repgeient thole ot the Multiplier; 97916886 

10 


| 796549 


Product of the Multiplicand agreeing to any | 
Figure of the Multiplier; as plainly appears by the work of 
this Example. 5 NT 


Thew i 00m” Cthe Factors as before. 
Againſt 3, in the Table is 2638962 8796543 

Againſt 6, is 5277924 =879654X 60 

Againſt 8, is 7037232 2879654 * 800 

Againſt 9, is 7915886 2879654 * 9000 
Againſt 7, is 6157578 —$79654X 70000 


—_ — . 


The Produft required is 7025 1807402 87 9654879863 


Note, I his Method of Tabulating the Multiplicand, is both. 
eaſie and certain 5 being neither ſubject to Errors, nor bur- 
thenſom to the Memory, and therefore in large Calculations 
it may be found very uſeful. But for common practice the 
uſeful Method (as in Page 18. Sc.) is beſt, and to be preferr'd 
before this. e i ce 

Moit Maſters that teach (and ſeveral Authors that write of) 
Aritt metiei do teach to prove the truth of Multiplication, by 
caſting away all the Nines that are contain'd in both the Factors, 
and their Product; but becauſe that Method is very erroneous, 
45 might be eafily ſhewd ; I ſhall therefore omit inſerting it, 
and leave the Proof of Multipiication to the next Section, where- 
in (I preſume) the Realon and Proof, both of it, and Diviſion, 
wil plainly appear, 


Secl. 5. 


879654 | 


2 Set —_—_—— 2 * 
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Sect, 3. Of Diviſion, 


Diviſion is a Rule by which one Number may be ſpeedily 
- Subſtrafted from another, ſo many times as it is contained 
therein. | | 


That is, It ſpeedily diſcovers how often one Number is contain- 
ed (or may be found) in another: And to perform this there 
are required two Numbers to be given. : | 

1. The one of them is that Number which is propoſed to be 
be Divided, and is called the Dividend. | 

2, The other is that Number by which the {aid Dividend is 
to be Divided, and is call'd the Diviſor. 

And by comparing theſe two, viz. the Dividehd and Diviſor 
together, there will ariſe 2 third Number, calld the Quotient; 
which ſhews how often the Diviſor is contained in the Dividend, 
or into what Number of Equal Parts the Dividend is then 
Divided Therefore, | 8 | 

Diviſion 7s by Euclid fitly term d the meaſuring of one Number 
by another, viz. one Number is ſaid to Meaſure another by that 
Number, which when i: Multiplies, or is Multiplied by it, it 
produceth. Enclid 7. Defi. 23. | be” 

And, if a Number meaſuring another, Multiply that Number 
by which it Meaſureth, or be Multiplied by it, it produceth the 
Number which it Meaſureth. Euclid 7. Axiom 9. 

Thar is ro ſay, If that Number which Divides another, (called 
the Diviſor) be Multiplied with the Number which is produced 
by Diviſion (called the Quotient) their Produc} will be the 
Number Divided or Dividend. Whence it follows that Diviſion 
and Multiplication are the Converſe or direct Contrary one to 
another (as Subſtrattzon is to Addition) and do murually prove 
the truth of each others Operations. fe by 
I fhall therefore make choice of che foregoing Examples in 
Multiplication, in order (as I preſume) to render the Buſineſs 
of Diviſion more plain and eaſie. 1 

Firſt, Let it be required to find how often 6 is contained 
in 24. Thar is, to Divide 24 by 6. wo 
N. B. Always place down the given Numbers in this or- 
der, firſt ſet down the Diviſor, and to the right hand of ir 
draw a crooked Line; then fer down the Dividend, and to 
the right of it cjraw another crooked Line, in which muſt 
be placed the Quotient Figure or Figures as they become 


found. Thus, Fr 
bs | Dividend, 


 Arithmetick, Part 1. 


Dividend AE ti 
255 Diviſor 6) 24 (4 the Quotient. | 
Here I confider how many times 6 there is in 24, and 'find 


it 4, viz. 4 times 6 is 24, therefore 4 is the true Quotient or 
Anſwer required. 


| 2 24 

This is apparent by Subſtraction, as 8 11 6 
in the Margin, where 24 the Divi- 2 | |i8 
dend being for down, and from ir 6, ® al 6 
the Diviſor is continually Subſtract- 14 wap 
ed ſo often as it can be, which is wh f p 
juſt 4 times. Therefore 4 is the SE 1 
true ¶ Quotient or Anſwer requi- E 6 
red. | 83 9c 
0 


: Corollary. : 


From hence it is evident; that Diviſion is but a Conciſe or 
Compendious Method of Subſtrating one Number from another, 
as often as it can be found therein; for if the Diviſor be conti- 
nually Subſtratted from the Dividend, accounting an Unit (or 1 ) 
for each time it is Subſtracted (as above) the Sum of thoſe Units 
will be the Quotient. 


All Operations in Diviſion do begin contrary to thoſe of Mul- 
_ tiplication, viz. at the firit Figure to the left hand, or that of 
the higheſt value, and decreaſe the Dividend by a repeated 
Subſtraction of each Product ariſing from the Diviſor when Myul- 
tiplied into the Quotient Figure. And the only difficulty in Di- 
viſion of whole Numbers (or indeed of any Number) lies in ma- 
king choice of ſuch a Quotient Figure, as is neither too big nor 
too little; and that may be eaſiſy obtained by obſerving the 
following Rule, which hath two Caſes. 


Rule. | 


Caſe 1. As often as the firſt Figure of the Diviſor # taken from 
the firft Figure of the Dividend: So often muſt the ſecond Figure 
of the Diviſor be taken from the ſecond Figure of the Dividend, 
when its jojned with what Remains of the firſt. And as often 
muſt the third Figure of the Diviſor be taken from the third Figure 

of the Dividend, c, 7 3 
But it the firſt Figure of the Diviſor cannot be taken from 
the firſt Figure of the Dividend. Then, 025 
i ale 
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Caſe 2. So often as the firſt Figure of the Diviſor, q taken from 
the two firſt Figures of the Dividend, /o often muſt the ſecond 
Figure of tbe Diviſor be taken from the third Figure of the Divi- 
dend, when it's joyn'd with what Remain d of the ſecond : And ſo 
often muſt the third Figure of the Diviſor be taken from the fourth 
Figure of the Dividend, Ge. ROW 3 

That is, the Quotient Figure muſt be ſuch, as being Multi- 
plied into the Diviſor, will Produce a Product equal to ſuch a part 
of the Dividend as is then taken for that Operation: But if ſuch 
2 Prout cannot be exactly found, then the next leſs muſt be 
taken and ordered, as in the following Examples: of which let 
that in Page 16 be the firſt, wherein there was given 8569 the 
Multiplicand, and 8 the Multiplier. To find the Product 68 552. 
Let us here ſuppoſe the ſaid Product 68 5 52, and 8 the Multi- 
plier, both given ; thence to find the Multiplicand. Thar is, 
Let it be required to Divide 68552 by 8. 


| Dividend | | 
Diviſor 8) 68552 Quotient when found. 


According to the Rule, Caſe 1. I compare 8 the Diviſor with 
6 the firſt Figure of the Dividend, and finding I cannot take it 
from that; I then conſider (by Caſe 2.) how often 8 can be 
raken from 68, the two firſt Figures of the Dividend, and find 
it may be taken 8 times; for 8 times 8 is 64, being the greateſt 
Product of 8 (into any Figure) that can be taken from 68. 1 
therefore place 8 in the Quotient, and with it Multiply 8 the 
Diviſor, ſetting down their Product underneath the ſaid two firſt 


Figures of the Dividend, Subſtracting it from them, and then the 
Work will ſtand | 


Thus 8) 68552 (8 
64 
4 


In order to a ſecond Operation, I make a Point under che next 
Figure of the Dividend, viz. under the 5, and bring it down 
underneath its own place ro the Remainder 4, which will by 
that means become 45. Then I confider how many times 8 
can be taken from 45, and find it may be 5 times; for 5 times 
8 is 40, I therefore place 5 in the Yuctient, and with it Mul- 
tiply 8 the Diviſor, ſetting down and Subſtrating their Product, 
as before, Then the Work will ſtand ig 


Thus 
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15 5 of the Dividend, viz, under the 5, and bring it down, as 


= Arithmetick, | 


Thus 8) 68552 (83 
445 

45 

40 


3 


Part I, 


For a third Operation, I make a Point under the next E. 
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efore, proceeding in all reſpects, as before; and then the © 
Work will ſtand 2 17 


Thus 8) 68552 (856 
| 64 . 


Laſtly, I point and bring down the 2, viz, the laſt Figwe 1 
of the Dividend to rhe Remainder 7, which will then become 
72, and proceeding as in the other Operations, 1 find that 8 
the Diviſar can be taken juſt 9 times from 72, and the Work 
is finiſhed, and will ſtand | 1 $ 


Thus 8) 68552 (8569 Y 


4 


(@) 


The true Quotient is found to be $569, being exactly che 
Ezghth part of 68552, or the Multiplicand of the propoſed 
Example of Multiplication. As was required. 3 

The Reaſon of theſe Operations will be very plain to any one 
that will a little conſider of it as follows, | 
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Diviſer 9) 68552 ($50. The firft Quotient or Figure. 


FT 


This Product of the Diviſor into the 
| Quotient is 64000. viz. 8 times Booo. 

the Quotient Figure being always of the 
Sufiraft 1541.15 fame Value or Devree with that Figure 
| under which the Unit's place of its Pro- 


| 

duct fands. 

Diviſer 8) TY 2 (500. The ſecond Quotient Figure. 
4 


—— 


5728 1 And here the Predutt is 1000. viz. 
Subſt ra: | 8 times 500. not 8 times 3. Wo. 
Div i ar 8) 2 (60. The third Quotient Figure. 

A : 5 Allo here the Product is 480. viz, 8 
Subſtrac | times 60. for rhe Reaſons abovelaid. 
Diviſor 8) 712 (9. The touren Lorient Figure. ; 

| Now here the Product is but 72. viz. 

Subſtract 2 / 9 times 8. becauſe the 9 ſtands in the 

place of Units | 


| Remains (c Now the Sum ot all the feveral Quotients, 
v $5004 500 boÞ+5:==3569. as before. 


1f the Proceſs of this Example be well conſiderd and com- 
pred with that of Multip/icatzon, Page 17. it will evidently 
appear to be only the Converſe of that; for the particular Pro- 
dacls are flike in both, oply that which 1s Laſt there is Firſt 
here; there they are Added, here they are Suſtracted. So that 
undever underttands the true Reaſon of the one, muſt needs 
underitand the Reaſen of the other, and then Diviſion will be- 
come very Eaſie, although the Diviſor conſict of ſeveral places 
of Figures. | 


—J 


Example. 


Let it be required to Divide 590624922 by 7563 
| Dividend 
Diviſor 7563) 590624922 ( 


"Tis plain at ſight, that 7563 the Dizſor, cannot be taken 
from 5906. the like Number of Figures in the Dividend. 
Therefore, by the ſecond Caſe of rhe Rule (Page 23.) there 
muſt be allowed five Figures of the Dividend, viz. 59062 for 
the firſt Operation or Quotient; that lo the firſt Figure 7 of the 
Diviſor may be taken our of the WO firſs Figures, viz. 59 of 
the Dividend, &c. 
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Then I proceed (per Caſe 2.) and conſider how often 7 may 
be taken from 59. and nnd it may be taken 8 times, for 8 
times 7 is but 56. which 1 mentally Sbſtratt from 59. and 
there Remains 3; to this 3 I menially adjoyn the Third Figure 


of the Dividend, viz. o. which makes it 30. out of which I 


muſt take the Second Figure of the Diviſor, viz. 5. ſo often as 
I took the 7 from 59. which was 8 times. Bur that cannot 
be, for 8 times 5 is 40. which is more than 30. therefore 8 
is too big a Figure to be placed in the Quotient; Yer, hence 1 
conclude, that rhe next leſs, viʒ. 7 may be taken without any 
further Tryal. I therefore place 7 in the Quotient, and with it 
Multiply the Diviſor, ſetting down their Product under the Di- 
vidend, and Subſtra& it from thence, as in the other Example, 


and then the York will ſtand | 


Thus 7563 ) 590624922 (7 
5294.1 
6121 


In order to a Second Operation, I make a Point under the nex: 
Figure of the Dividend, viz. under the 4. and bring it down 
to the Remainder 6121. which will then become 61214, with 
which I proceed in all reſpects as I did before with the 59062. 
and find the next Quotient Figure will be 8, with which | 
Multipiy the Divijor, &c. and Subſtratt their Product from the 


fad 61214+ Then the Pork will ttand. 


Thus 7563) 590624922 (78 
wi; 52941 
61214 
60504 


— — 


710 


To this Remainder 710. I point and bring down the next 
Figure of the Dividend, viz. Y. which makes it 7109; now 
becauſe, the Diviſor 7563 cannot be taken from 7109. I there- 
fore place a Cypher in the Quotient. | 

And this muſt always be carefully obſerved, viz. That for every 
Figure, or Cypher, which 1 brought down from the Dividend, in 


order to a new Operation, there muſt always be either a Figure, 


4 * fet down in the Quotient. Then the Work will 


Thus 
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of Thus 7563) 590624922 (780 
— 7 | 529417 

1 | 61214 

: 60504 

| | 7109 | 

1 To this 7109, I bring down another Figure of the Dividend, 
3 viz. 2, and then it will become 71092, then J confider how 
often 7 can be taken from 71 Sc. (juſt as at the firft Operation) 
3 and find it may be taken 9 times, therefore I fer down 9 in the 
Quotient, and with it Multiply the Diviſor, ſetting down and 
== Subſtratting their Product, as before; Then the Work will ſtand 


= oy y WY OY UN PERIRYT. 0, cos WEI 


* 
* 
$50 


280 
2 


N Thus 7563) 590624922 (7809 
52941! 

*F 61214 

5 60504 

: 71092 

1 | 68667 

1 3025 


Io this Remainder 3025, I point and bring down the laſt 
3 Epme2 of the Dividend, which makes it 30252, then proceed- 
ing in all reſpects as before, I find the Quotient Figure to be 4, 
with it I Multiply the Diviſor, ſetting down and Subſtraing 
their Product as before, and then the Work will ſtand 


— 
* 


\F Thus 7563 ) 590624922 (78094 


Here the Work is ended, and I find the Luetient to be 
78094, being the true Multiplicand of the propos d Example 
of Multiplicat ion, Page 18. 8 


| Thar is, 7563 is contained in 590624922, juſt 78094 
times, Sc. | 
K . It 
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be eaſie; for indeed the only difficulty (-s I ſaid before) lies 


| 1] 79863) 70251807402 (879654. Quotient. 4 

2|159726 638904 *** *0 "The work of this Opera- 

3239589 636140 tion | preſume may be eaf- 2 
| 4319452 559 | ly underſtood. For thoſe 
5399315 770997 Figures in the Table are the 
[61479178 57876 Podutis of the Diviſor into 

7359041 22704 all the 9 F:gures ; conle- 

8638904 791 8 quently thole Figures in the 

91718767 8 mall Column do ſhew bart 

798630 431269 Figure is to be placed in the 

e 399305, Duotient ; without any 
319452 doubtful Trials of the Di. 

_319452 viſor with the Dividend, as 

( 000000) beiore. h | 3 


Uſe ro a Learner, Elpecially until be is well practiced in 


— n 


Part I, 


If the Work of this Example be conſidered and compared 
with the Rule (Page 22) the whole buſineſs of Diviſion will 


in making choice of a true Quotient Figure, which cannot well 
be done according to the Common Method of Diviſion, withour Þ 
Trials, yet thoſe Trials need not be made with the whole Pi. 
viſor (as appears by this laſt Example) for by the two firſt Fi- 
gures of the Diviſor all the reſt are generally regulated; except 
the ſecond Figure chance to be 2, 3, or 4, and at the ſame time 
the third Figure be 7, 8, or 9, then indeed reſpect muſt be 
had to the third Figure according as rhe Rule directs. 
However, if thoſe Trials are thought roo troubleſome, they 
may be avoided, and the fame Quotient Figures may both eaſily 
and certainly be found by help ot ſich a ſmall Table made of 
the Diviſer, as was of the Multp/icand in Page 20. 


Example 4. 


Let it be required to Divide 70251807402 by 79863. See © 
the Example of Multiplication page 20, and as there directed make © 
a Table of the Diviſor 79363. Z 
Thus, 
Dipiſor. Dividend. 


This Method of Tabulating the Diviſor may be of good 


D:vifion ; yea, and even then if the Diviſor be large, and a 
Quotient of many Figures be required; as in Reſolving of 
bigh Zquations, and Calculating of Aſtronemica! Tables, or 
thoſe of Intereſt, Sc. 1 

| ' Hitherto 


Chap. 2. Of Diviſion, 29 


1 


d I Hiitherto I have made choice of Examples wherein the Divs. 
il 8 derd is truly Meaſured or Divided off, by the Diviſor, with-- 


s out leaving any Remainder, being thoſe as were compoſed 
of the Dioiſor and Quotient. Bur ir moſt uſually falls our, thar 
the Diviſor wil not exactly meaſure the Dividend; in that 
cale rhe Remainder (after Dzviſion is ended) muſt be ſer over 
the Diviſor with a ſmall Line berwixt them adjoyning to the 
Quotient 

| Example 5, 

Suppoſe it were required to Divide 379 by 5. 


\ 379 4 the Remainder, 
) / 155 (75! the Diviſor. 


25 


Remains (4) 
| | Example 6. | 
Acain, Ler it be required to Divide 43789, by 67. 


67 ) 43739 (65345 The true Quotient required 


402 


239 
201 
Remains (38) . 1 
How ſuch Remainders thus placed over their Diviſors (which 
are indeed Vulgar Fraftions) may be otherwiſe managed, ſhall 
be ſhew?'d farther on. | 
N. B. When the Oiviſor happens to be nn Unit, viz. 1 with 
a Cypher, or Cyphers annexed to it, As IO, 100, 1000, Sc. 
Diviſion is truly performed by cutting off with a Point or Com- 
ma. ſo many Figures of the Dividend as there are Cyphers in the 
Diviſor; then are thole Figures ſo cut off to be accounted a 
Remainder, and the reſt of the Figures in the Dividend will be 
the true Quotient required, becauſe an Tze or 1 doth neither 
Multiply nor Divide. 


Example 7. | | 
Let it be required ro Divide 57842 by too. The Work 
may ſtand thus, 100) 578,42 the Quotient required, or 
thus 100) 57842 (57822. the ſame as before. 
Hence it follows, that it any Diviſor have Cyphers to the 
Right hand of it, you may cut off { many of the laſt Figures 
| | ia 
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in the Dividend, and Divide the other Figures of the Dividend, 
by rhoſe Figures of the Diviſor that are left when the Cyphers 
are omitted. But when Diviſion is ended, thoſe Cyphers ſo omit- 
ted in the Diviſor, and the Figures cut off in the Dividend are 
both to be reſtored to their own. places. 


| Example 8. 
Suppoſe ir were required to Divide 675469 by 5400. 
| $400) 675469 (1253 


54” 


135 
108 


— ͤ——ð 


274 

| 270 | 

Remains (4) But the true Nmainder is 469. 
Conſequently che true Quotient is 125335 5 


As to the manner of proving the truth of any Operation 
either in Multiplication, or Diviſion, 1 preſume it may be eafily 
underſtood, by what is deliverd in Page 21, compared with 
the three firſt Examples of Diviſion 5 For from thence it will 
be eaſie to conceive ; that if the Div iſor and Quotient be Mul- 
tiplied together, their Product (with what Remains after Diviſion, 
added to it) will be equal to the Dividend. As in the fifth Ex- 
ample, wherein the Dvidend is 379, the Diviſor is 5, the Quo- 
tient is 75, and the Remainder is 4. 1 
I éſay, 75X5=375, to which Add the Remainder 4, it will 
be 379. 


Again, in the ſixth Example, the Diviſor is 67, the Duotient 


is 653, and the Remainder is 38. 
Then 653 67243751, and 43771138 243789 the Di- 
vidend, &c. | 
I bere are ſeveral uſeful Contractions, bith in Diviſion and Mul- 
tiplication, which I have purpoſely omitted until J come to treat of 
cimal Arithmetick. Alſo I have omitted the buſineſs of 
Evolution or Extracting of Roots, until further on; and ſo 
ſhall conclude this Chapter with a few Examples of Diviſion 
unwrought at large, leaving that for the Learner's Practice. 


379) 43800771 (75649. 
Or 75645) 43800771 (579 
5 | 45007) 


51 
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45007) 23884044718 (530674. 
Or 530674) 23884044718 (45007. 
356) 244572000 (68700. 
59600, 57659066400 (967434. 
ooo) 679543820000 (67954392. 
79) 282016 (356955. 


CHAP. III. 


Concerning Addition and Subftraction / Numbers of 
different Denominations, and how to Reduce them from 
one Denomination t another. 


SRO . 
1. Of Engliſh Coin. 


HE leaſt piece of Money uſed in England is a Farthing, 
and from thence ariteth the reſt, as in this Table. 
Farth, —— Sh is a Cron. 
414. Pn. 9 10 6. is an Angel. 
48 12= s. Shil. And 6 5. 8 d. a Noble. 
960=240=20==1 . Pound Sterling. . 13 . 4 d. a Mark. 


Note, When J. s. d. | q. are placed over (or to the Right 
Hand of) Numbers, they denote thoſe Numbers to ſignify Pounds, 
Shillings, Pence and Farthings. 5 


0 | 
As 35 10 6 2. Or 351. 10. 6 f d. Either of theſe 
do lignify 35 Pounds, 10 Shillings, 6 Pence, 2 Farthings. 
The ſame muſt be underſtood of all the following Chara- 
ders, belonging to their reſpective Tables, viz. Of Weights, 
Meaſures, &C. 


2. Troy Weight. 


The Original of all Meights uſed in England, was a Corn of 
FVheas gathered out of the Mzddle of the Ear, and being well 
dried, 32 of them were to make one Penny Weight, 20 Penny 

Meigbt 


- ue or large Weight to thoſe Commodities as are uſuully weighd 


— — 


32 Arithmetick. Part I. 


Meiigbt one Ounce, and 12 Ounces one Pound Trey. Vide Statutes 
of 51. Hen, 3. 31. Edw. 1. 12. Hen. 7. | | 

But in latter times it was thought ſufficient to Divide the 
aforeſaid Penny Weight into 24 equal Parts, called Grains, be- 
ing the lealt eight now in common ule; and from thence the | 
reit are computed as in this Table. 


IS p | By Troy Weight are 8 
e Note, O Weighed Jewels, Gold, 
480 20 =I Oz. Ounce. N 


Silver, Corn, Bread, 
57 2A 2 = 15 Pound. and all Lzquors. 


Belides the common Diviſions of Troy Weight, I find in An 
ge Notitia, or the preſent State of Kngland, Printed in the WM 
Year 1699, that the Moneyers (as that Author calls them) do 
Subdioide the Grain, : 
(24 Blanks = 1 Periot. 

o Periot: I Droite. 
N phage 
24 Droites = I Mite. 
20 Mites — 1 Grain, &c. as belore. 


3. Apothecaries NM ig bis. 
The Apothecarics Divide a Pound Troy, as in this Table. 
Gr. Grain. 5 
202 J Scruple. 
{ . 60= 3=\1 3 Dram. 
' 480= 24= = 1 5 Onnce. , 
I5760=288=96=12= 1 Jh Troy, the ſame as before. 


By theſe Weights the Apothecaries Compound their Medicines, 
but Buy and Sell their Drugs by Aver dupom Weight. 


4. Averdupors Weight. 


When Averdupors Weight became firſt in Die, or by what Lay 
it was firit ſettled, I cannot find out in the Statute Books ; but on 
rhe contra:y, I find that there ſhould be but one Might (and 
one Meaſure) uſed throughout this Realm viz. that of Troy, (Vide 
14. Ed. 3d, and 17. Ed. 3.) So that it ſeems (zo me) to be fri 
introduced by Chance, and ſettled by Cuſtom ; viz. from giving 


it, which are ſuch as are either very Conſe and Dre. or 
very 
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very ſubject to waſt : As, all kind of Gracery Wares. And 
Pitch, Tar, Rofin, Wax, Tallow, Soap, Flax, Hemp, &c. Copper, 
Tin, Steel, Iron, Lead, &c. Alſo Fleſh, Butter, Cheeſe, Salt, &c. 
To theſe and the like (I preſume) it was thoughr- convenient 
to allow a greater Weigbt than what the Laws had provided, 
which happened to be about a ſixth part more: For I found by 
a very nice Experiment, that one Pound Averdupoy is equal to 
14 Ounces, 11 Penm weight, and 15% Grains Troy, And it is 
now computed as in the following Table. | 


Drams. | 15 5 
1621 Ong eee. „ 714 Stone, 
256= 168 21ſt. Pounds. And 28 = of C. 
23672= 179 2 11221 C: andre. 56 = C. 
2344 2184 = 22 Inn.. 84 = FC. 


8 5. Long Meaſure. 
As the leaſt part of Weight came at firſt from a Wheat-Corn, 
ſo (it's generally ſaid) rhe leaſt part of Long, Meaſure was at firſt 

2 Bari Corn, taken our of the middle of the Ear, and being well 
dried three of them in length were to make one Inch; and 
thence the reſt, as in this Table. 1 | 


14 Tard I Ell. 
2 Tards I Fathom. 


Barly Corns, 
| | 321 bi, Inches. 
ring 36= 12121 FE. Feet. 
108 — 36= 3 IL Yards. 

594= 1982 163x= 35121 P. Elec 
23760 7920= 66 220= 4O == Furleng. 
[goo80—=633605280=1760=320=$3=1Mzle. 


| 4 Nails = 5 of a Tard. 
And < 


Note, Thar forty Poles (or Perches) in length, and four in 
Breadth do make a Statute Acre of Land. ; 
Thar is, 220 Yards, Multiplied into 22 Tards = 4340 Square 

Tards are a Statute Acre. oy MITT 
And according to the Tranſactions of the French Academy, An- 
no 1687, a Pars Foot Royal is S 12,8 Inches Engliſh ; fix of 
thoſe Feet make a Toiſe; and 57060 Toiſe = 365184 Engliſn 
| Feet, are the Meaſure of one Degree of a great Circle upon the 
Surface of the Earth. So that one Degree is 69 Miles and 288 
lards, which is very near to our Country-man Mr. Norwood's 
Experiment made betwixt London and York, Anno 1635; who 
| found that 367196 Feet = 69 Miles, and 953 Jards do make a 
| F Degree. 


tte. 
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Degree. And not 60 Miles, according to the common received 
Opinion and Practice of the Navigators or Samen. 
Hence, according to the French Account, the Circumference 
of the Earth. (ſuppoſing ir to be a true Spherical Figure) is, 24899 
6. Of Liquid Meaſures. 


All Meaſures of Capacity, both Liquid and Dry, were at firſt 
wade from Troy Weight. Vide Statutes 9 H. 3. 51, H. 3. 12. H. 7, 
&c. wherein it is Ena ed that eight Pound Troy Weight of Wheat, 
gathered our of the middle of the Ear and well Dried, ſhould 
make one Gallon of Wine Meaſure : And that there ſhould be bur 
one Meaſure for Vine, 4 and Corn, throughour this Realm 
(Vide Sta. 14. Ed. 3. 15. Ne. 2.) But Time and Cuſtom bath 
alter d Meaſures, as they have done Feghts (and perhaps for one 
and the ſame Reaſon) for now we have three different Meaſures, 
Viz. one for Mine, one for Ale or Beer, and one for Corn. 

1 have inſerted Tables ot each as they are now computed by 
Cubick Inches, and practiſed in the Art of Gauging, cc. 

The common Wine Gallon ſealed at Guild-Hall in Londa; by 
which all Mines, Brandies, Spirits, Strong-waters, Mead, Perry, 
 Sider, Vinegar, Ol and Honey, &c. are Meaſured and Sold; is 
ſuppoſed to contain 231 Cubicł Inches, and from thence the reſt 

are computed, as in this Table. ng Dy 


Cubick Inches. 5 18 = Rumlet, and 
231 1g. Gallons. Note, (315 makes a Nine 
97 02= 42==ITerce. Cor Vinegar Barrel. 


14553= 63 =I Hebt. (ide 1 R 3.) 
194042 84=l —1 S=7 unc ion. | TI 
29106=126=3 =2 =1 =] But or Pipe, 
1582 12=252=5 4 =3 =2==1 Tun. 


Bur Doctor Hybard in his Tectometry, Page 289, doth ſup- 
poſe the Vine Gallon to contain but 224, or 225 Cubick Inches at 
rhe moſt, and purſuant to his account an Experiment was made 
by Mr. Richard Walker and Mr. Philip Shales, two General Offi- 
cers in the Exciſe. They cauſed a Veſſel to be very exactly 
made of Braſs, in form of a nn, each ſide of its 
Baſe was 4 Inches, and its depth 14 Inches; ſo that its juſt con- 
tent was 224 Cubick Inches, This Veſſel was produced ar Guild- 
Hall in London (May 25th, 1688) before the Lord Mayor, the 
Commiſſioners of Exciſe, the Reverend Mr, Flamſtead Aſtr. > 

4 | E 
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— 


Mr. Halley, and ſeveral other 2 * Gentlemen, in whoſe 
preſence Mr. Shales did exactly fill the foreſaid Brazen Veſſel 
with clear Water, and very carefully emptied ir into the old 
Standard Vine Gallon kept in Guild Hall, which did fo exactly 
fill it, chat all then preſent were fully ſatisfied the Vine Gallun 
doth contain but 224 Cubick, Inches (thi notable Experiment I ſaw 
tried.) However, for ſeveral Reaſons, ir was at that rime 
thought convenient to continue the former ſuppoſed content of 
231 Cubick Inches to be the Mine. Gallun, and that all Computa- 
tions in Gauging ſhould be made from thence, as above. 
The Beer or Ale-Gallon (which are both one) is much larger 
than the Vine-Gallon, it being (as I preſume) made ar firſt to 
correſpond with Averdupows Weight, as the Mine Gallon did with 
Troy-VWeight : For (as 1 ſaid before Page 33) one Pound Averdu- 
pos is equal to 14 Ounces 12 Penny Weight Troy, very near. 
And,. as one Pound Troy is A —_— to che Cubick Inches in 
2 Wine-Gallon, ſo is one Pound Averdupos to the Cubick Inches 
in an Ale-Gallon. Thar is, 12: 231 : : 1442 : 284, very near 
the Cubic Inches contained in an Ale Gallon, as appears from an 
Experiment made by one Nicholas Gunton, General Gauger in the 
Exciſe, about 36 Years ago, who by ſuch, a Veſſel mentioned 
before in the laſt Page, did find the Standard Ale- Quart (kept in 
the Exchequer, Vid. 12 Car. 2.) to contain juſt 70 Cubick Inches, 
conſequently the Ale Gallon muſt contain 282 Cubic Inches, and 
from thence the following Tables are computed, 


Ale-Meaſure. 
Cubick Inches. 
| 2821 Gal. A Ferkzn of Soap and of 
2256. $8=1 Ferkin. Note, 4 Herrings are the ſame 
| 45 12=16=2=1 Kilderkin. wth that of Ale. 


0024=33=2d6=2=1I Barrel, 
[135 26=m48=6=3=>=1:=1 Hogſhead. 


Beer-Meaſure. 


Cub. Inches. 
28221 Cl. 

2538 9==1 Ferkin, 
5076=18=2=1IKlderkin. 
[0152==36==24=2=1 Berrel: 
15228=54=6= =14=1 Hopſhead. 


br - N. B. 


OE * 
5 * | . 1 av * p \ 4 — ww . - 3 % 5D v — | w* p : * 1 
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N. B. This diſtinction or difference betwixt Ale and Beer. 
Mieaſare, is now only uſed in London. But in all other places of 
England the following Table ot Beer or Ale, whether it be ſtron 
or ſmall, is to be obſerved, according to a Statute of Eaciſ 
made in the Lear 1689. - | 
_ Cub. Inches. 
| 2321 Gal. 
2397=84=1Ferk. 
1 47 94==IT=A=ING 
95388=34=4=2=TIÞorrel. 
ne inner ee! | 


3 7. Of Dry Meaſure. 
Dry Meaſure is different both from the Vine and Ale Meaſure, 
being as it were a mean berwixt both, tho not exactly ſo; which 
upon Examination I find to be in proportion to the aforeſaid 
old Standard Mine Gallon, as Averdupos Weight is to Troy - Weight; 
That is, as one Poynd Troy is to one Pound Averdupom, ſo is the 
Cubick Inches contained in the old Wine Gallon : Io the Cubic 
Inches contained in the Dry or Corn Gallon. 2 3 
Viz. 12: 143% :: 224: 2725 which is very near to 2721 
the common received content of a Corn Gallon, altho' now it's 
otherwiſe ſettled by an Act of Parliament made in April 1697, 
the words of that Act are theſe: _ | 9 850 
Every Round Buſhel with a plain and even Bottom, being made 
Eighreen Inches and 4 half wide throughout, and Eight Inches 
Deep, ſhould be eſteem d a Legal Wincheiter Buſhel, according to 
the Standard in hu Majeſties Exchequer. 
Now a Veſſel being thus made will contain 2150,42 Cubick 
Inches, conſequently the Corn Gallon doth contain but 2684 Cu. 


_—_— 


bical Inches, 
| Cub. Inches. | C 4 Byſhels=2 Comb. 
268,8=1 Gall. Note, & 10 Quarter a Mey, and 
537.6 221 Peck. 12 Hy Laſt of Corn. 


2150. 8= 4=1 Buſbel. | 
17203, 2==64=32=$=1 Duarter, 


I obſerv'd amongſt the Lead-Mines in Derfy ſhire (Anno 1692) 
that the Miners bought and fold their' Lead-Ore, by a Meaſure 
which they calld an Ore-Diſh'; whoſe Dimentions I carefully 
took and found them. Tos 


ES © Length 21.3 7 5 
bo. bus Breadth 6. 3 


Depth 8.4 2 
: Conie- 
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| Conſequently it's Content is 1073,52 Cubickh Inobes, which is 
very near equal to 4 Cern Gallons, according to the above 
mentioned Settlement 
Nine of thoſe Diſhes they call a Load of Ore, which if it be 
ptetty good, will produce about 3 Hundred * of Lead. 


8. Of Time. 


It is not an eaſie thing to give a rrue Definition of Time ; he 
(according to the Phzloſophick Poet ) 


Time of it ſelf in nothing, but from Thought 

© Receives its Riſe, by labouring Fancy wreught 

© From things conſider d, whilſt we think on ſome 

* As preſent, ſome as paſt, or yet to come. 

No Thought can think on Time, that's ſtill confe . 

* But thinks on Things in motion, or at reſt. e 


And ſo on, Vide Lucretius, Book I. 


That is, Time only ſhews the Duration or Mutation of 1 thin 

a Year being the Standard or Integer, by which ſuch — 
ance or Change is computed. And a Tear is that Space of Time 
in which the Sun (Apparently) compleats its Revolution from any 
one Point in the Ecliptic (an imaginary Circle in the Heavens) 
to the ſame Point again, which according to Modern Obſerva- 
tions is perform'd in 365 Days, 5 Hours, 48 Minntes, 57 Seconds, 
21 Thirds, &c. But a Second being the leaſt part of Time that | 
can be truly Meaſured by the Morion of any Mechanical Engin, 
as a Clock, &c. (A third being leſs than the twinkling of an Eye) 
I begin the OOTY. Table with Seconds. 


' Seconds, | = 
| GO IN Mime. | 
23600 6c=1 Hour, Hour, 
86400= ,1440= 24=1D Day. „ 
313393 =3b;549=8765=505%+5+48+57=1 Far, called a 
(Solar Tear. 


But the common Year, uſually called the Julian Tear, doth 

conſift of 365 Days and 6 Hours, and is divided into twelve 
unequal Months, called Calendar Months, whoſe Names and 
Number of Days are the Subject of every Almanack, 


Ts 


" ** 
2 
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To theſe Tables it may not be amiſs to give à brief Account 
of ſuch Coins, Weights and Meaſures as are frequently mention d 
in the Scriprures. As I have Deduc'd them from thoſe which 
ſeem to be the moſt Correct, inferred in the Index to the 
Large Bible, Printed Anno 1702, and compared with thoſe uſed 
in England, by the Lord Biſhop of Peterborough, 


MN 77 2 Troy MWeigbi. 
The Hebrew Weights, compared with & Or. Pw. Graine 
AGerah=| O. e. 104% 
10 Gerahs=a Bekah =| o . 4 . 134 
2 Beals Da Shelel =| o. 9. 3 
100 Shekels=a Menab=]45 . 12 . 12 
Note, A Shekel is ſaid to be their Original Meigbt. 


I Their Coin. © 810 8 

A Silver Menabzſ. 7 .T 57 Weight 60 Shehels: 
Talent of Silver = 357 . 11 + 104 Weight is 300 Shehkels. 
Talent of Gold —=[5075 . 15 . 74 The fame Weight men- 
The Gold Dram 1: o. 4 tioned in Ez. 2. 19. 


The Roman Money mentioned in the New Teſtament. 
A Denarius, or Silver Penny—7d. 3 Farthings. 
on Aſſes of Copper=o . 3 Farthings. 
Aſſarum—0 . 1 4 Farthmg 
Luadrans=o , 2 of a Farthing. 
A Mite=o . of a Farthing. 


Their Long Meaſures, compared with 4 Dos * 


A Finger's Breadth = , , 85 
4 Finger. Hand's Breadth=| o. . 93.648 
21 Handi the leaſt Span = . 0 196 
3 Hand's Breadth=the longeſt Span — o. ©, 10,944 
2 Spans—the longeſt Cubit = ©; 1 , ͤ 9,806 
| 4 Cubits=a Fathom =| 2. 1 3,552 
6 Cubits=Ezelgel's Reed = 9 1 „ -14;335 
400 Cubits=a Stadium = 243.0 7,2 
10 Stadium a Mile = | 2432, © 0 
3 Miles Paraſang = 7296. . © 
Which is 4 Engliſh Miles and | 256, 


Their 


Chap. 3- Addition of weights, &c. 


5 9 4% s Ezgliſp Wine. 
Their Meaſures of Capacity, compared witb d Gal. Pints Inch: 
A Cotyla=| O. o 3,037 
ALo=| o . os 9.83 
4 Legs Cab = o. 3 . 10,458 
10 Corila's=an Omer =| o . 6 
3 Cab e Hin = 1.2. 
2 Hins=a Seah =| 2.4. 5, 
74 
13 


3 Seah San Epha =: 
10 Epha's=a Chomer 7 


SECT. 2. Addition of Weights, Sc. 

"The foregoing Tables being ſo well underſtood, as that you 
can readily tell (without pauſing) how many Units of any 
one Denomination, do make one of the next Superior Denomina- 
tion (eſpecially in thoſe Tables as are moſt uſeful for your Buſineſs) 
it will then be as eaſie ro Add, or Subſtract them, as to Add or 
dubſtract Whole Numbers, due care being taken in placing all 
Numbers that are of one Denomination exactly underneath each 
other. That is to ſay, in Money place Pounds under Pounds, 
Shillings under Shillings, Pence under Pence, &c. Underſtand 
the like in Meigbts and Meaſures, &c. According to their ſeveral 
Denominations: Then in Addition obſerve this Rule. 


Rule. 

Always begin with thoſe Figures of the Loweſt or Leaſt Denomi- 
nation, and Add them altogether into one Sum, then conſider how 

many of the next Superior Denomination are contain'd in that 
Sum, ſo many Units you muſt carry to the ſaid next Superior 
Denominarion to be Added together with thoſe Figures that ſtand 
there ; and if any thing Remain over or above thoſe Units ſo carried, 
that Overplus muſt be Jet down underneath its own Denomina- 
tion: And ſo proceed on from one Denomination to another until 
all be finiſhed. _ 2 


Example in Coin. 


Let it be required to Add 35 l. 145. 06d, and 271. ons. 
10 d. and 54 J. 13s. 04d. and 1ol. 17. 09d. into one Sum. 
Tbeſe particular Sums being placed, as before directed, will 

ſtand as in the Margin. 3 
Then according to the Rule, I begin with the Pence (being 
here the loweſt or leaſt Denomination) and Adding them alto- 
gether, I find their Sum to be 29 d. that is 25. and. 3 — ; 
| J 


„* * * 
— 
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(for 24 d f. and 29 — 24 = 5) the gd. . s, 4 


I ſer down underneath its own Denomination, 35 14 ok 
and carry the 25. to the place of Shillings, - 27 . 02 . 10 


Adding them and all the Shilings together, 54. 13 . og 


I find the Sum to be 48 5s. viz. 2 J. 8s. [fer 10 17 . 09 


down the 8 5. underneath its own place of —— 

Shillings, and carry the 21. to the place of 128 . 08 . 05 
Pounds, Adding them ard all the Poumds together, I find their 
Sum is 128 J. conſequently the Total Sum required is 128 J. 08 g. 
o5 d. 
Now, for as much as it ofren happens in keeping Books of 
Accompts (and in other Buſineſs) that it is required to Add up 


large Sums of Money, conſiſting of 30, 40, or more ſeveral 


particular Sums, ray, perhaps filling up the whole length of a 
heet of Paper, I humbly conceive in thoſe Caſes the beſt and 
eakeſt way will be to part them into Parcels, not exceeding. a- 


| bove 10 or 12 particular Stmns in each Parcel, and Sum up (on 


a by Paper) the Particulars in each Parcel; that done, Add to- 

gether all the Sums of thoſe Parcels into one Sum, and that will 

2 the Total Sum required. "a 
Alſo to avoid the making of Points, or other Marks , amongſt 


4475 Figures, it will be convenient to get the following Tables 
„ / | 


The Pence- Table... | The Shillings-Table. 
. J „ 
. „ os” oe 
24=2. b= 7 | 40 140 7. 
20553 96=> 8.4: 4: 60a5d-: I60= 8. 
SS --.. $0885 9.5.4 1 808 4. 180 2 9. 
6025. 120=10. re.. Noe ie. 


The Ute of theſe Tables is ſo obvious, that J preſume tis 
needleſs ro explain them, wp 


Examples in Addition of Weights, 


Troy Weight. Averdupos Wezght. 
15. Oz. Pw. Gr. Tun. C. 15. Oz 
3 0 0810 I2 . If 2 24. 12 

1 0 1 „ 7 10% 3 i x5 
10 10 . 12 8 0. 18. 1. 14. IL, 

O . II . I9 . 23 1 +. 19 . 3 + 27 . 15 


Sm 21. 04 . 09 0 Out 23. OJ « 0. Og . 05 
| | Exam: 


Chap. 3. Subſtraction of weights, &c. 4¹ 


Examples in Addition of Long - Meaſure. 


fads. Drs. Nails. Miles, Fur. Poles. Yards. Feet, net. 


20: 60480 4-73 „„ JIT-50 0: 4 $5 tj 
„„ CFF 10 
19. 1 1＋ZV—ᷓ , 8 ARTS WR ©} 
„ 00-SEP-18 57.8 


I think it needleſs to ſer down more Examples of this kind, 


for if theſe 5 (eſpecially the laſt) be well underſtood, they will 


be ſufficient ra ſhew how any other may be performed. 


5 
Sect. 3. Subſtradion of Weights, &c. 


| Subſtraction is but the Converſe of the precedent Work, and 
may be performed by obſerving this Rule. | 


Rule. - 

Begin with the loweſt or leaſt Denomination (as before in Addi- 
tion) and ta le or Subitract the Figure (or Figures) in that place 
of the Subtrahend, from the Figure (or Figures) that ſtand over 
them of the ſame Denomination ; ſetting down the Remainder (as 
in Page 12.) But if that cannot be done, then you muſt increaſe 
the upper Figure (or Figures) with one of the next Superior Deno- 


mination, and from that Sum make Subſtraction; and ſo proceed 


to the next Superior Denomination, where you muſt pay the one 
borrowed, by adding Unity to the Subtrahend in that place, &c. 
in whole Numbers. | 


| Example in Coin. | 
3 4 4. 8 
From 386. 09 . 8 From 569. 10. 05 
Take 173 - 04 . 06 Sub. 389 . 15 . 08 
Remains 213 . 05 . 02 179 14 19 


The firſt of theſe Examples is ſelf evident. In the ſecond 
Example, beginning at the place of Pence (being here the leaſt 
Denomination) l am to take 8 d trom 6 d. bur becauſe rhar 
cannot be done, I mutt (according ro the RAe) borrow one of 
the next Denomination, V!Z. 15. and Add it to the 6 d. which 
makes it 18 d. (for 1 5. 12 d. and 12 4. +64d.=18 d.) then 1 
take 8 d. from that 18 d. and there Remains 10 d. to be fer 
down underneath the place of Pence; that done, I proceed to 
the place of Shilliugs, where I muſt now pay the 15. ſaying 
one borrrowed, and 15 makes 15 from 10 cannot be, aw 
| G | 1 
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16 from 30 and there Remarns 14. Thar is, I borrow one of 
the next Denomination, Viz. 11. and add to it the 10 s. which 
makes it 30 5. (for 1 {,=20s. and 20+ 10==30) baving ſer 
down the Remaining 14 s, underneath its own place of Shillings, 
I proceed to the place of Poumds, where paying the 1 /. bor- 
rowed, ir will be 1 borrowed and 9 is 10 from 9 cannot be, 
but 10 from 19 and there Remains 9, and ſo on as in whole 
Numbers until all be finiſhed ; And the Remainder will be 
179 l. 145. 10 d. Nay 
This Example being a little conſidered will render all others 
in this Rule eaſie. 1 | 


Examples in Weights. 


TJ NMeigbt. Averdupon. NMeigbt. 
15. 07. pwt. pr. c. qr. 5. oz. 
From 9 . 10. 16 . 18 1734-8 
Take 5:09: 18. 22 4 . 3 18 12 
4:00 19-20 Refs” 2-24 14 
Examples in Long-Meaſure. | 

yards. qrs. nails miles. fur. pol. yards. feet. inches. 
en d 3.5.5 2 16 3 111 
Take 20 3 18 .6.29.4-2. 7 


4 


Refts 48 3. 3 N 0 
Example in Time. 


day 5. o f it 


From: 47. 1$;,.35; n 
Subſtrak? 16 . 21 . 46 . 36 


Remains 10. 20 , 48 . 45 


The Proof of Addition and Subſtraction in theſe Numbers of 


different Denominations, is the very ſame with that of whole 


Numbers in Page 13. I ſhall therefore refer you to that place, 
and omit repeating it here. 


Sect. 4. Of Redution, 

By Reduction, Numbers of different Denominations are brought 
| into one Denomination. 

That is, it alters or changes any Superior Denomination pro- 


poſed, into any Inferior or Leſſer Denomination Ou. ; 
- ſti 


Chap. 3. Of Reduction, 43 
E ſill keeping them equivalent in value, And by thar means 


they become firly prepared for Multiplication and Diviſion ; 
which otherwiſe could nor ſo conveniently be per formed. 


Therefore the buſineſs of Reduction is very uſeful in the Rule of 


Proportion, (commonly called the Golden Rule, or Rule of three) 
eſpecially to thoſe who do not underſtand either Vulgar or Decimal 


Fraltions: And it's thus per for med: 


Rule. 


Conſider how many Units of the Denomination required, male 
one of that Denomination prepoſed to be Reduced (whiab i eaſily 


known by its reſpectiue Table) and with that Number of Units, 


3 Mu'tiply the Denomination propoſed, and their Product will be the 
= Dumber required. | 


Example in Coin. 


Let it be required to Reduce or Change 357 J. into Shillings, 


and thoſe Shillings into Pence, which ſhall ſtill be equal in value 
with rhe 357 J. | 


Multipiy with os the Shillings in one Pound, 
7140=the Shillings in 357 l. 
Multiply wth 12 the Pence in one Shilling. 
| 1428 BR 
714 
8568 the Pence in 357 l. as was required. 


On 357 1. may be Reduced into Pence, at one Operation. 
us, : | | 
71. 


Multiply with 240 the Fence contain d in one Pound. 
1428 
714 
85680 the Pence in 357 l. as before. 


But when the Numbers propoſed to be Reduc'd are of ſeveral 
Denominations, and it is required to bring them all to the low- 
eſt; you muſt Reduce the higheſt or greateit Denomination to 
the next leſs, Adding the Numbers that are of that leis Denomi- 
nation together, then Reduce their Sum to the next lower Deno- 
mination, Adding together all the Numbers that are of that De- 
nomination, and ſo proceed gradually on until all is done. 

et 86 2 Example. 
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Example. 


Let it he required to Reduce 3751. 17 5. 10 d. 34, into one 
Denomination, viz. into * | 


375 I. 17.8. 10d. 3 4. 

S5oo=the Shillings i in 375 J. 
Xe 174. 

7517 the Shillings in 375 . I7 5, 
12 

15034 

7517 _ 

90204=the Pence in 375 J. 17 s. 
10S... 

Q02 14=the Pence in 375 J. 17 5. Io d. 

4 | = 

3605 the Farthings in 375 l. 17 5s. 10 d. 

* 
360839 Farthings=37 5 l. I7 . 70d. 34. as was required. 


The work of this Example, and all other e of this 
kind, may be fomewhar ſhortned by obſerving the following 


Method. 


375 J. 175. 10 d. 39. 
20 Multiply and Add in the 17 s. 


7517 
12 Multiply and Add in the 10 9. 


15034 
7518 


90214 
4 Multiply and Add in the 3 grs. 


Y | 360859 the Farthings as before. 


Example in Troy-Weight. 


Suppoſe it be required to Reduce 29 10, 8 0x. 18 pt. 2 1 gra. 
into the leaſt Nen Viz. into Grains. 5 
hus, 


Thus, 29tb. 8 oz. 18 pwr.. 21 gra. 5 
Multiply with 12 the ox. in 1 1B. and Add in the 8 or, 
| | 66 ä | 
29 
© 356=the Ounces in 29 th. 8 oz. 
Multiply with 20 the pwts. in 107. and Add in the 18 pwe. 
7138= the pw#s. in 2916, 8 07, 18 pwe. 
Multiply with 24 the Grains in 1 pwt. and Add in the 21 gr. 
28553 
14278 
171333 the Grains=29 Th. 8 oz. 18 pwt. 21 pr. 


Theſe two Examples at large being well underſtood, may 
ſuffice ro ſhew how all Operations of this kind are perform ; 
either in Weights, Meaſures, or Time. I ſhall only inſert a few 
Examples of each fort for the Learner's practice. 

1. In 23 C. 3 qr. 21th. 9 0. Averdupon Weight ; How many 
Ounces. Anſwer 42905 Ounces. | 


2. In 252 Engliſh Miles, How many Yards, Feet and Inches. 


Anſwer 443520 Tards=1330560 Feet 15966720 Inches. The 

3. In 1692 common Years, How many Days, Hours and 
Minuts. Anſwer 618003 Days, 14832072 Hours, 889924320 
Mainuts, 1 « | | FE 3 

Note, a common Year=365 Days, 6 Hours, ſee Page 37. 

4. In 5786 Pounds, 17 Shillings, 9 Pence Sterling: How many 
Shillings, Pence and Farthings. 2 

Anſwer, 115737 5s. 1388853 d. or 5555412 Farthings. 
Thar is, 57864. 175. 9d =115737 5s. 9d =1388853 d. &c. 

The next thing will be ro ſhew how to bring Numbers from 
a leſſer to a greater Denomination, which by moſt Authors is 
called (tho very improperly ) 


Reduction 4/cend:ng. 


0 This work is the converſe of the laſt, and is perform d by 
© Diviſion, Thus, 


Rule. 

Conſiden how many of the Denomination propoſed make one of 
the Denomination required, and make that Number your Diviſor, 
by which Divide the Denomination propoſed ; and the Quotient 
will be the Number required. 5 

Example. 


Chap: 3 57 Reduction, 45 
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1 | Arithmetick, N Part I. 
| Example. 1 


Let it be required to find how. many Shillings and Pounds ure 
contained in 85680 Pence. 
The Pence in 15. are 12) 85680 (7140 s. 83680 d. 
Again the Shillings in 1 J. are 20) 7140 (357 l. the Anſwer 
required. e 


Another Example in Coin. 


How many Pence, Shillings and Pounds, are contained in 
264859 Farthings. 3 = | 
. 
. 
24 62 151 


— — 


08 2 1 117 


— 94 (17)s. 
19 (to) d. 
Remains (3) J. 1 the Remainder is always of the 
„ lame Denomination with the Dividend. 
The laſt Quotient 275 l. together with the ſeveral Rmainders, 
gives the Anſwer required: 1 
Viz. 2750. 175. 10 d. 3 q=264859 Farthings. 


_ - . 5 — 
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Example in Troy- Weight. 


| e o 
Suppoſe it were required to find how many pwts, ozs. and 1555 
are contained in 171333 Grains, 
| | 20) 12) 


i WY 7 
N 24) 171333 gr. (7138 pw. (356 (29 1b. 
168 113 24 
33 138 116 
24 (18) pwr. — 
93 (S). 
72 
213 
192 


| Remains (21) gr. wy : 
Anſwer 29 I. 8 oz. 18 pw, 21gr. This and the laſt Example 
are the reverſe or proof of thoſe in Page 44, 45. 


1. In 42905 Ounces Averdupos Weight ; How many Pounds, 
Thus 


—_— 


Chap. 3. Of Reduction. 47 
28) 4) 
Thus 16) 429053 (26811b, (212. (23C. 
8 15 
130 A (3) 
25 140 


75) 21) aner 23 c. 3 . 2115. 9. 


2. In 15966720 Inches ; How many Engliſh Miles, &c. 

Anſwer 252 Miles, &c. As Occaſion requires. | 

There are many uſeful Queſtions may be anſwered by help 
of Reduction only; As the changing of one fort of Coin for 


another; and comparing of one ſort of Meaſure with ano- 
ther, So. : 


For Initance ; Suppoſe one had 347 Rix-Dollars, at 4 s. 6 d. 


per Dollar: and deſired to know how many Pounds Sterling 
they make. | 
347 . 3 
| 54=the Pence in one Dollar, viz. 4 s. 6 d.=54 d. 
1338 ; | | 
1735 20) 
12) 18738 d. (1561s. (78 
2 R 
73 1)s 
-10:- 
6) d 


Anſwer 78 l. I 5. 6 d. Sterling are=347 Rix Dollars. 
Queſt. 2. In 645 Flemiſh Elli; How many E“ Engliſh. 
Note, 3 Quarters of a Tard Engliſh make one Ell Flemiſh, and 
I r 5 Quarters of a Tard ij an Engliſh Ell. | 
. Therefore 645 | 
Z the qrs. of a Yard in 1 Ell Flenuſh, 
rs. in one Ell=5) 1935 (387 Engliſh Ells for the Anſwer. 
Queſt. 3. Suppoſe 2 Bill of Exchange were accepted ar Lon- 
don, tor the payment of 400 /. Sterling, for the value deliver'd 
at Amſterdam in Flemiſh Money at 1 J. 13 5. 6d. for one Pound 
Sterling. How much Flemiſh Money was delivered at Amſterdam. 

Firſt, 11. 135. 64=g02d. the Value of one J. Sterling at 
Amſterdam. . 


Then, 402 d. x 400=160800 d.=670 . Flemiſh, and ſo much 
was deliver d at Amſterdam. d 
. CHAP. 
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7 Arithmetick, 5 Part I, 
CHAP. IV. 


Of Unlgar Fractions. 
SECT. 1. Of Notation, 


A Fraftion, or Broken Number, is that which repreſents a Part 
or Parss of any thing propoſed (vide Page 3.) and is expreſſed 
by two Numbers placed one above the. other with a Line drawn 
berwixt tbem. | 
| 3 Numerator. 
Thus, 4 Denominator. 

The Denominator or Number placed underneath the Line, de. 
notes how many Equal Parts the thing is ſuppoſed ro be Divided 
into (being only the Diviſor in Diviſion) And the Numerator or 
Number placed above the Line, ſhews how many of thoſe Parts 
are contained in the Frattion (it being the Remainder after Divi- 
fion,) (See Page 29.) And theſe admit of three Diſtinctions. 


: | | Proper or Simple Es | 
73 Improper Fractions. 
Compound 


A proper, pure, or Simple Frafion, is that which is leſs than 
an Unit. That is, it repreſents the immediate Part or Parts of 
any thing leſs than the whole, and therefore its Numerator is al- 
ways leſs than the Denominator. 


he 1 2 is one Fourth Part. An as LS one Half. 

Lis one Third Part. 3 is two Thirds, &c. 
An improper Fraction is that which is greater than an Unit; 

That is, it repreſents ſome Number of Parts greater than the 


whole thing; And its Numerator is always greater than the 
Denominator. | 


As 5. Or 2 Or #+ Sc. 


A Compound Fraction is a Part of a Part, conſiſting of ſe⸗ 
veral Numerators and Denominators connected together with the 
word (of.) 

As 4 of 1 of 3. Sc. and are thus read, the one Third of 

the three Fourths, of the two Fifths of an Unit, 


Thar is, when a Unit (or whole thing) is firſt Divided int 
any Number of Equal Parts, and each of thoſe Parts are 
- Subdivided 


2 


1 2 


_— 2» 


Chap. 4 Of Uulgar Fractions, 49 


Subdivided into other Parts, and ſo on: Then thoſe laſt Parts are 


called Compound Fractions, or Fractions of Fractions. 


As for inſtance, ſuppoſe a Pound Sterling (or 20 6.) be the 
Unit or Whole ; then is 8 s. the 2 of it, and 6 s. the 4 of 
thoſe two Fifths, and 2 5s. is the J of thoſe three Fourths. 
Viz. 25. of 3 of ; of one Pound Sterling. 


All Compound Fractious are reduced to fingle ones Thus, 


Rule. 


Multiply all the Numerators into one another for a Numerator, 


and all the Denominators into one another for the Denominator. 


Thus the + of 4+ of + will become . Or +:. 


For IX 3X 2=6 the Numerater, and 3X 4X 5=60 the Denomi- 


nator, but 75 or +1 of a Pound Sterling is 2.5, As above. 


| $ef. 2. To Alter or Change different Fractions into one 


Denomination retaining the ſame Value. 


In order to gain a clear Underſtanding of this Section, it will 
be convenient to premiſe this Propoſition, viz. If a Number Mul- 
tipling two Numbers produce other Numbers, the Numbers Pro- 
duced of them ſhall be in the ſame Proportion that the Numbers 
Multiphed ate, 17 Euclid 7. | 

That is to ſay, If both the Numerator and Denominator of any 
Fratt;on be equally Multiplied into any Number, their Products 
will rerain the ſame value with that Fraction. | 


As in theſe. 21 2—+, Or =. Or 2* . ee. 


5 3 Xx 2-6 NE 3 x 5—T 59 


Thar is, 3 and ?. Or 2 and 3. Or 2 and 42 are of the ſame 
value in reſpect to the whole or Unit. EX 
From hence it will be eaſie to conceive how two, or mote 
Fractions that are of different Denominations, may be altet d 
or chang d into others that ſhall have one common Denominator, 
and till retain the ſame value. 

Example. Let it be required ro change 2 and +3 into rwo 


other Fractions that ſhall have one common Denominator, and yet 


retain the ſame value. | 

According to the foregoing Propoſition , 1f 2 be equally 
Multiplied with 7, it will become 2. viz. 3X7 = 34. Again, 
if 3 be equally  Multiplied with 3, it will become 3+ wiz. 
* =. And by this means I have obtained two new Fra- 
tions I and 2+ that are of one Denomination and the ſame 


value with the wo firſt propoſed, viz. 4 ; and 2; = 4. 
1 13 2 An fl 


0 
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And dom hence 4oth ariſe the General Kue for inn all 
Fractzons 1 to one Denomination. ; | 


| Rule. 


1% all the Denominators into each other tr « a new (and 
2 Deaominator. And each Numerator into all the Deno- 
i its own, for new Numerators. 
e Let the propoled Rai be, and. 


Then by the Rule. 


new Denominator And the new Numerators will be 
«18 be thus found. thus found. nn ps 
| C 
3 $; 8 
15 6 g-. 13 
8. 5 | x 8 'I * 
60 20 5 Sale \, 90 
IDS 4 lh oe ly i Ra 
420 e 168 3, 386 


Hence 420 is the common Denominator; And 149 . 168 
315 . 360 are the new Numerators , which being placed 


Fraction-wiſe are 445 . 42% 430 « 428 the new Fract ion. 


5 420 
required. $5: 
That is, 47 Inf „%% IT | a4 {4 HO 
Sect. 3. To bring mix d Numbers into Fractions, and the 
contrary, 
Mix'd Numbers are brought into improper Froffions by the 


| following Rule, 


Rule. 


Malriply the Integers gr whole Numbers, with the Denominator 
of the given Fraction, and to their Produ Add the Numerator, 
the Sum will be the Numerator of the Fraction required. 

Example. 9% by the Rule will become £?. | For 9x5==*4. 

And 4;+4—22 the improper Fract ion required. 

NN 1247 will become 225. For 13X 15 1. 

425 4+734—225, And ſo for any other as occaſion requires. 


5 find the true value of any improper Fraction given. is 


only rhe converſe of this Rule. For if *?=94 as before 1s 
evident : 


| 


I 
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ll. evident: Then it follows that if 49 be Divided by 5, the Quo- 

| tient will give 97. And if 255 be Divided by 15 it will give 
137 Sc. conſequently it follows, That 

If the Numerator of any improper Fr action be Divided by 

= Denominator, the Quotient will diſcover the true Value of 

that Fraction. | 72 


Examp/es. 


15. And $i=45. And 4768655. Or 41831 Ci. 
> = When whole Numbers are to be expreb'd Fraction-wiſe, it is 
bur giving them an Unit tor a Denominator. aus 45 is 25, 
g is 2. and 25 is 2, Sc. ; Pak 


Set. 4. To Abyzevtate or Reduce Fractions into their 
| lowelit or leaſt Denomination. 


This is done, not out of any neceſſity, but for the more con- 
venient managing of ſuch Fractious as are either propoſed in 
large Terms; or {well into ſuch, either by Addition or other- 
wile : Beſides it's moſt like an Artiſt to expreſs or ſer down al 
Fractions in the loweſt Terms poſſible; And to perform that, 
it will be neceſſary to conſider of theſe following Propoſitions. 


Numbers are either Pꝛume or Compoſed, 


1. A Pꝛime Number is that which can only be Meaſured by 
an Unit. Euclid 7. Defi. TI. 3 | 

That is, 3. 5. 7. 11. 13. 17. Oc. are ſaid to be Prime 
Numbers, becauſe tis not poſſible to Divide them into equal 
parts by any other Numver but Unzty or 1. 

2. Numbers Prime the one to che other, are ſuch as only an 
Unit doth Meaſure, being their common Meaſure, Euclid 7. 
Deh. 4%. .- | 3 | 

For inſtance, 7 and 13 are Prime Numbers to each other, 
becauſe they cannot be Divided by any Number but an Un t. 
And 9 and 14 are allo Prime Numbers to each other, for altho 
3 will Meaſure or Divide 9 without leaving a Remainder, yer 
3 Will not Meaſure 14 without leaving 2 Remainder ; Again, 
alrho' 2 will Meaſure 14 without any Remainder, yet 2 will not 
Meaſure ꝙ without leaving a Remainder, &c, . 


. 


3. A Tompaſed Number is that which ſome certain Number 

Meafureth. Euclid 7. Defi. 13. 928 7 | | 
For inſtance, 15 is a compoſed Number of 3 and 5, for 
5X3=15, conſequently 3 or 5 will jultly Meaſure 1 5. Alſo 20 
H F 


15 


— . 9 5 at BEY: wp 9s = es. 


| — — — 
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is compoſed of 5 and 4, viz. 5X4=20, therefore 5 and 4 will 
each juſtly Meaſure 20. | 

4 Numbers compoſed the one to the other, are they which 
ſome Number being a common Meaſure to them both doth Mea- 
ſure. Euclid 7. Defi. 14. f 

That is, If two or more Numbers can be Divided by one 
and the ſame Diviſor; then are thoſe Numbers ſaid to be com- 
poſed one to another. 

For inſtance, 14 and 21 are Numbers compoſed the one to 
the other, becauſe they can both be Meaſured or Divided by 7. 
For 7X2=14, and 7 X3=21, therefore 7 is a common Meaſure 
to 14 and 21. So that if 34 were propoſed to be abbreviated, 
ir will become 2. e 


e e 
Thus- 7 


And how thoſe greateſt common Meaſures may be found 
COmes from Euclid 7 pro, 1. 2. 3. and is thus - | | 


Rule. 


Divide the greater Number by the leſſer, and that Diviſor by 
the Remainder (if there be any) and ſo on continually until there 
be no Remainder left: Then will that laſt Diviſor b the preateſt 
common Meaſure (and if it happen to be 1, then are thoſe. Num- 
bers Prime Numbers, and are already in their loweſt Terms, but if 
otherwiſe) Divide the Numbers by that laſt Diviſor, and their 
Quotient will be their leaſt Terms required. : 


| Example. b 
find the greateſt common Meaſure of 


Let it be required to 
72 and 108, via. Of 124. 


36 72 (2 1 Here becauſe there's no Remainder ; 
36 is the greateſt common Meaſure. 


i 36) 2=2 Hence +72 is Abbreviated 
Therefore 36 } 108=3 to q the loweſt Terms. 


, Again, to find the greateſtſcommon Meaſure of 744 and 
99. | . 
Thus, 
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Tus, 744) 899 (1 


744 _ 


1550 744 (4 
620 


124) 155 (7 
12.4 


31) 124 (4 
124 


(0) 


Here 31 is found to be the greateſt common Meaſare by 


which 744 and 899 may be Abbreviated ro 24 and 29 their 


loweſt Terms. 
Ting ) 244 IF. Os. 
Note, If the propeſed Numbers be even, they may be . 
lower, by a continued Halving of them, ſo long as they can be Halved. 
viz, Divided by 1. 


2 


Tis required to Reduce 45 to its leaſt Terms. 
=, 4 2 1 Again 3) 45 (=3+. 
This done, you may eaſily perceive that 7 will be the com- 
mon Meaſure to 14 and 21, viz. 3) 24 (=. Se. 
If the Numbers propoſed ro be Reduced have each a Cypher, 
or Cyphers Annexed to them, they will be Abbreviated by cut- 
ting off a like Number of * from both. _ 
Thus, zes will be 33. And 335 will be 3. Ce. 
That is, {$52=$5=73c and 388 3. alſo 4 1 72 


Sect. 5. Addition of Fractions, 


Whar bath been done by the Rules in this Chapter ; is chiefly 


to prepare and fir Fractions of different Denominations for Addi- 
tion or Subſtrattion, as Occation requires, vix. If they are Com- 

pound Fractions, they mutt be Reduced to Simple or Pure Fracti- 
ons, per Rule, Sect. 1. 

If gn are of different Denominations, they muſt be altered 
or chang d, per Rule, Sect. 2. 

Thar is, all Fract ions muſt be brought into one Demominition 
before they can either be Added or Subſtrafted, and that "_ 
done, Addition is thus performed. 


Rule. 


Add together all the Numerators, and their Sum will be a New 
Numerator, under which Subſcribe the Common Denominator. 


Examples 


— ——— - A l 5 FN — — . 1 8 r —_—_ 
Fw... A — ů 2 — * r 


* — 
— 


© 


1 
135 
= 
'F 
* 
4. 
2 
I 

, 1 4 

9 

4 fl * 
N 
3 "ht 
*Þ 


! 
lt. 
"nn 


3 "por "S287, 1. Again 25 
5 
7 
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Examples in Simple Fractions. 
Let it be propoſed to ad „ and + together, Firſt, 
T=75- . and = per « Seck. 2. 
Then 22+: 11. the Sum 3 which ac- 
cording to Section 3. is 129. viz. == 


Examples in Compound Fractions. 
Let it be Required to Add > 3 and + of into one Sum. 
Then + of + becomes ir n Set. 1. And (per Sect. 2.) 


_ 1 
and g is and . iK. = and ; = bot rag. 6 
the Sam Remired vie. FE : of 3 =LL, 


Wo > xamples in Mir d Humber. 

"Tis required to Add 57 to n. theſe per Sect. 3. will be 
and . And and 24 will become * and £2 per Seck. 2. 
Then 2 25 LIES 27 and Ii the Sum Required. 

Or you may og only the Fractions to one Denomination, 
Thus, 53 and 7} will become 53% and 7173. 

Then 5171772 — 1244 2 hat is, 137. As beſore. 


Sect. 6. SnbLraction of Fractions, 


Subtract one Numerator from the other (according as the 


| Queſtion requires) and their Difference will be a new Nuine- 
rator, under which Subſcribe the Common Denominator, 4 


in &adition. 


Rule. 


Exampl PT. 


Leti it be required to take 5 out of 3, Firſt Sand 7 
per Self. 2. will become 6 and 43. then 53— 27250 
that is, 7. 5 63. As was required. a 


E xample 2; 


Tis 1 to Subſtract 3 of ; from 14. Firſt, 


45 
ind 31 will become 171 
221— 122 
1.7.0 


of 
and 42.61 67 Set. 2. Then 3 


krample 3 Zo: 
From 6g Subſtract 245. ee and 35 3=f 35 


per Rule See, 3. Again, 7 22457 and 4482 er Rule 
ALLE, —bio+ 1 $048 42/30 e380 ___ 
Seck. 2. Then? 384— 334233422363 $244 Or 
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otherwiſe thus: Firſt, 63=52, then bring? and A into 


one Denomination, VIT. $2 aud 32 93. — A 


Then 534—3HFE=23535=25. As before. 


Example 4, 


Let ir be required to Subſtract + of 5 of + from 7. 
Firſt, of 5 of 7= . And = | : 
Then 6—— 6 Fe of of +. As was 
required. 

If theſe few Examples be well underſtood, the wh ole Buſineſs 
of Adding and Subſtratting Vulgar Fratt ions will be eafie ; which 


s really much more difficult to perform than either Multiplication 
or Diviſion, as will appear in the next Section. 


Sect. 7. Multiplitation of Fractions, | 


In order to perform either Nultiplication or Diviſim, you muſt 
prepare the Terms ro be Multiplicd (or Divided) chus Reduce 
Compound Fractions to Simple Ones, per Sełt. 1. Bring Mixt Num- 
bers into improper Frattions, and expreſs Pole Numbers Fractiou- 
wiſe, per Sect. 3. Alſo it will be convenient to Abbreviate them 
to their ſmalleſt Terms when it can be done. Then Multiplication 
may be thus per formed. 

5. Multiply che Numerators one into another for a New 
Rule. eee and the Denominators one into another, for 
(2 New Denominator. A in theſe 


Exam Ai 


1. The Product of + into i=} 5 That is, e 
2. And the Product of into r! 22, Or < 
3. Again, the Product of — 1 into ; 4 : of 8 . 
For + of =, Then Z r 
4. Let it be Required to Multiply 6 with 25 Thele 
prepared for the Work will ſtand thus. + 


viz. 6=4 and 334==2, Then N= or r 202. 
Or otherwiſe thus, 6x3=18. And 3 X 
Then 18427205. As before. 


Let it be Required to Multiply 74. with 52. Firſt 
g. and 5 =. Then g = o 
Now the Reaſon of this Rule for Maltiphing of Factions, and 


conſequently of theſe Operations, and all other performed 
by i it; will be evident from this following. 


i 


V:z. 
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Viz. If 4 * Multiplied { with 2 ; according to the Rule, their 
Product will he . Bur 2 . 


Now 22. and 231 f fer ect. 3. But 4X2=8. ergo &. 


St. 8. Diviſion of Fractions. 


The Fractions being firſt prepared as before directed, Divi 
ſion may be thus performed : 


Multiply he Numerator of the Dividend into the Deno- 
Rule )minator of the Dividing Fraction for 4 new Numerator: 

And Multiply the other Numerator and Denominator 0. 
Ag for a new Denominator. 


Examples. 


1. Let, be Divided by 3. Viz. ), (the Quotient. 


That is, according to the Rule 887241 che new Numerator, 
and 35X3=105, the new Denominator, &c. as above. 


2. Let it be required to Divide q by IL) C t 


137 


For 12x 20=240 the new Numerator, and 27X 5=135 the 
new Denominator, &. as before. 


3. Suppoſe it were required to Divide —> > by 3 ot'£. 
Firſt, = of 4=53.- Then =) 2 (42= 


„ TEST OE 4 
4. Let 205 be Divided * 37. viz. ; by =}. 
For 204==7*, and 34==;., Then 3) 7 (8 the Quot, 


x 1 
5. Let i it be Required to Divide 40 by 53. 
Firſt, 402<=* 4%, and 5 . Then * YL £334, 
But EB — che true 2 Required. 


6. Suppoſe it were Required to Divide 13 by J. 
- Firſt, 13 = . Then 0 7 (#3=1$-, the Quetient, 


7. Again, let it be Required to Divide q by 6. 
Vix. ) + (i for the Quotient Required. 


N. B. From 3 you may obſerve, that when any Whole Num- 
ber # Divided by 4 Fraction leſs than Unity or 1, the Quotient 
will be preater than the Number propos'd to be Di vided : But if 
any Fraction be Divided by a Whole Number, greater than 1. 
Then the Quotient will be lefs than the Dividend : As in rb two 
laſt Examples. 


As 


6 
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| As to the Reaſon (or Pro) of this Rule for Dividing Fractiont: 

'Tis only the Converſe to that of Multiplication, and will be very 
evident from this following. ; 

Let 42. be Divided by 4. Which according to the Rule is 
thus, 4) 4 (Ag. The true Quotient. Now #38: And 222. 
per dect. 3. Conſequently . Divided by 4 is bur the ſame with 
| Divided by 2. viz. 2) 8 (4. The Quotient, as before. 

1 could have inferred Geometrical Demonſtrations, for the Rules 
of Multiplication and Diviſion of Fract ions; but 7 the 
Learner purely unacquainted with thoſe kind of Demonſtra- 
tions, I thought theſe might be more intelligible ro him 
| eſpecially in this place. | 


. 2 
NO ; : » - : — 


CHAP. v. 


Of Decimal Fractions, 


HE N, or by whom this Excellent Invention of Decimal Arith- 
merick, was firſt introduced is uncertain, but doubtleſs its 
Improvements, and the Perfection its now in is owing to latter Tears, 


Sect. 1. Of Notation, 

In Decimal Fractions, the Integer or Whole Thing (whether it 
be Coin, Weight, Meaſure, or Time, &c.) Is ſuppoled ro be Di- 
vided into Ten Equal Parts; and every one of rhole Ten Parts 
are ſuppoſed ro, be Subdivided into other Jen Equal Parts, &6. 
ad infinitum. IDs, 

The Integer being thus Divided (by Imagination) into 10, 100, | 
1000, Ioooo, Se. Equal Parts, becomes the Denominator to the 
Decimal Fraction. | 


- . | 5 
a Thus, 1 15 0 110 5 0 1 „e x IST 60 Fc. 
Now theſe Denominaturs are ſeldom or never fer down but 
only the Numerators ; and thoſe are either diſtinguiſhed, or ſepa. 
rated from Y/hole Numbers by a Point or a Comma. 2 


Thus, 5,4 is 5,4. and 0,7 is 2. 35,05 is 35 Ce, Ce. 
But before we proceed further in Notation, it will be conve- 
nient for the Learner tc coniider of the following Table, (1aken 
out of the Learned Mr. Onghtred's Claus Mathematica) which 
ſhews the very Foundation of Decimal Frattions. 
| Anka: ole 


: ” F 0-46 I WY 


> et 


vr pole Numbers. Decimal Parts. | 
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By this Table it is evident, that as in whole Numbers or Inte. 


gers, every Degree from the Units Place increaſes towards the 


left hand by a Tenfold Proportion: So in Decimal Parts every 


Degree is decreaſed towards the right hand by the ſame Pro. 


portion, viz. by Tens. | 

Therefore thele Decimal Parts of Fractions are really more 
Hemogeneal or agreeing with hole Numbers than Vulgar Fraftions; 
for indeed all plain Numbers are in effect but Decimal Part; 
one to another, | 3 

That is, ſuppoſe any Series of Equal Numbers, as 444, Ge. 
The firſt 4 towards the Left is Ten times the Value of the 4 in 
the middle, and that 4 in the middle is Jen times the Value of 
the laſt 4 to the Right of it, and but the Tenth Part of that 4 


on the Left, Gc. 


Therefore all or any of them may be taken either as Integer, 
or Parts of an Integer: If Integers, then they muſt be fer down 
without any Comma or Separating Point betwixt them thus, 444. 
But if Integers, and one Part or Fraction, put a Comma berwixt 


them thus, 44, 4 which ſignifies 44 Hole Numbers, and 4 Tenth: 


of an Unit : Again, if two Places of Parts be required, ſepa- 
rate them with a Comma thus, 4,44 viz. 4 Units, and 44 Hur 
dred Parts of an Unit, &c. | a 

From hence (duly compared with the Table) it will be eaſt 
to conceive that Decimal Parts take their Denomination from 


the Place of their laſt Figure, 


0 N 5 812 | q | 
That is, J ,56=,55 > Parts of an Unit, &c. 


5056 177 * 


Cypher: 


* 
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| Cyphers Anriex'd to Decimal Parts alter not their Value. As 


| 50, and ,590, Or ,5000, Se. are each but 5 Tenths of an Unit, 


For (55=,5- And 4 =. Or 18 8 1. Per Set. 4» 
of the laſt Chapter. | 


But Cyphers prefix d to Decimal Parts Decreaſe their Value, by 
by removing them further from the Comma. | | 


| 1 Tenth Parts. 

| 505 = 5 Parts of a Hundred. 

Thus 

ITT ,005= 5 Parts of a Thouſand. . 
,0005= 5 Parts of Ten Thouſands, &C, 


Conſequently the true Value of all Decimal Paxts are known 
by their Diſtance from the Units Place; the which being once 
rightly underſtood, the reſt will be eaſie. 


Sec. 2. Addition and @ubſtraction of Decimals. 


In ſetting down the propoſed Numbers to be Added or Sub- 
ſtrafted, great care mult be taken in placing every Figure di- 
rectiy underneath thoſe of the ſame Value, whether they be 
Mix d Numbers, or Pure Decimal Parts, and to per form that you 
muſt have a due regard to the Comma s, or leparating Points, 
which ought always to ſtand in a direct Line one under ano- 
ther; And to the Right-hand of them carefully place the Deci» 
mal Parts according to their Reſpective Values or Diſtances from 
Unit. Then ; | LE BE: - 

Add or Subſtract them as if they were all Whole Num- 
Rae bers And from their Sum or Difference, cut off ſo many 
Decimal Parts as are the moſt in any of the given Numbers. 


Examples in Addition, 


Let it be required ro find the Sum of theſe following Numbers, 


viz. 34,5 f 65,3 T 128,7+95+87,8+7,9, which being truly 
placed, will ſtand 


Their Sum required, 


Go Arithmetic Fam 


IE * 1 8 * 


Example 2. 
| 4) et it be required to find the Sum of 25 B54 34:57 89,076 
413,907. 
25834 
0 34.578 
9.076 
13.907 


$3,415 The Swn required. 


When the Decimal Parts propos'd to be Added (or Sulſtratted 
have not the ſame Number of Places, you may for convenience 
of Operation ſupply or fill up the void Places, by Annexing 
Cyphers. As in thele Examples, | 


Example 3. Example 4. Example 5. 
45,0700 $574,678953 0,97 5942 
350,580 95.796430 2745257 
123.0057 78, 054600 „000598 
74% 20 54.789000 8007 
24.80 8.900000 „640530 
318.3357 Sum 812, 218983 | ae 
Examples in Subſtradion. 
let it be Required to ſind the Difference berween 45,375 and 
74284. 

a Example 1. Example : 2. | Example 3 
That is, From 74,284 From 437,3 From 75.0034 
; Take, 45-375 Take 89,657 Take 57, 57.875 

n 23 9099 347 347,843, Remains 17,1284 
Example 4. 
Let it be Required to find the Exceſs berween 562 and 
92.78 % 
Example 2. Example 5. 

That is, From 562, From 345,7578 

L Take 93.3784 Take 157, 

i the Exceſs. 469 4216 13887578 


Note, The two laſt Examples are ſuppoſed to be ſupply d with 
1 Ophers, which if actually done would ſtand thus, 


jt © 62,0000 345>7578 
| 1 23.5784 5784 12.00 
N 48,4216 As before, 188 7578 
4 E any 


1 


—_— 
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Example 6. Example 7. 

From 0,547893 From 1.000000 
Take 0,439758 Take 0,997543 

o,108135 0,002457. 


The Proof of Addition and gulſtract ion in Decimals is the ſame 
with chat of Mkete Numbers, Page 13. Ge. 


Sect. 3. Pultiplication of Decimals, 


Whether the Factors or Numbers to be Multiplied are pure 
Decimals, or Mix d. Multiply them as if they were all Mole 
Numbers, and for the true Value of their Product obſerve this 


Rule. 
Rule. 


of Decimal Parts in the Product, as there are in both the 


Cut off (viz, Separate with a Comma) ſo many Places 
Factors accounted together. As in theſe. 


Example 1. Example 2. 
3,024 32,12 
2,23 LT * 
-<07S.- - 9636 
6 048 | 12348 
| . 6424 
6,74352 780,516 


The Reaſon why ſuch a Number of Decimal Parts muſt 
be cut off in the Product, may be eafily Deduced from theſe 
Examples. Thus, 
In Example 1. Tis evident, that 3 the whole Number in the 
Multiplicand, being. Multiplied with 2, the whole Number in the 
Multiplier; can produce but 6 (Viz. 3X2=56) So that of ne- 
ceſſity all the other Figures in the Product muſt be Decimal Parts; 
according as the Rule directs. | 
Or, the Rule is evident from the Multiplication of whole 
Numbers only : Thus, ſuppoſe 3000 were ro be Multiplied with 
200, their Product will be 600000 ; Thar is, there will be 
ſo many Cyphers in the Product, as are in both the Factors. 
(Vide Page 18.) Now if inſtead of thoſe Cyphers in the Factors, 
we ſuppoſe the like Number of Decimal Parts; Then it follows, 
that there ought to be the ſame Number of Decimal Parts in the 
Product, as there were Cyphers in the Factors. 3 
Again, the Rule may be otherwiſe made evident from 
Vulgar Fractions, thus: Let 32,12 be Multiplied with 3 
F a 


2 
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and their Produ& will be 780,516 as in Example 2, ber 
Now 32, 1223273. and 24,3=2474. which being brought 
into improper Factions (per Sect. 3. Page 50) will become 


3277 e. and 24732 2. | | 
Then 42533 x2#3—2322 416. per Sect. J. Page 55. 
But 24183522780 #35, viz. 980,516 as before, 


Any of theſe three ways do I preſume, ſufficiently prove the 
truth of the aboveſaid Rule, Ge. 1 5 ; 


Example 3. Example 4. 


ETD n 
4356 +0675 
471276 | 28725 
235638 40213 
314184 „„ 34470 
34246,056 387.7875 


N. B. It ſometimes falls out in Multiplying Parts with Parts, 

that there will not be ſo many Figures in the Product, as there 
 oupht to be places of Decimal Parts by the Rule: In that 4 
you muſt ſupply their defect by prefixing Cyphers to the Product; 
as in theſe Examples. | 


| Example 5. Example 6. 
2365 ay 30347 
425 IE: ,0235 
41925 8 2082 
7095 1041 
_— Ee. 
1 00081892 
05758775 


When any propoſed Number of Decimals is to be Multiplied 
wich 10. 100 . 1000 . loo, Ce. Tis only removing the 
ſeparating Point in the Multi plicand, ſo many places towards the 
right-hand, as there are Cyphers in the Multiplier. 8 


Thus, „578 XK 1078 And ,578 x 100g 237,8 


Again, 378 X 1000378 Or ,578 & 10000zz5790 
i Theſe 
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Theſe things being conſider d it will be eaſie to Mulriph De- 


cimals, and determine their true Products. As in theſe following 
Examples. | 


5 Multiplied into o, 578 will Produce 32, 978368 
7.6543 into 5,4246 will Produce 41,5215 1578 
0,36879 X 0,05674=0,032273 1446 
0,03246 X 0,02364==0,0007672544 
87649 X 0,03687=3231,61863 
94,35786 X 6,57 869 8620511100034 
3,14 1592 * 527438 2165,6995 00 1296 


Now it oftentimes happens, that it will be needleſs to expreſs 
all the Figures of the Product at large (eſpecially when the 
Factors have each of them _ places of Decimal Parts, as in 
the two laſt Examples) only ſo many of them as may ſuffice 
for the intended deſign ; and yer the Product may be as true to 
ſo many Figures as are retained, as if the Factors had been Mui. 
tiplied at large. And ſuch Compendious Contractions are not 
only of curioſity, but may alſo be found of great eaſe and uſe 
to the Ingenious Practitioner; eſpecially in Reſelving Adfected 
Aquations, or in calculating of Trigonometrical Problems by the 
Natural Sines and Tangents, Cc. All which may be thus per- 
form'd, e EE 7 | | 

Viz. Set the Units place of the Multiplier directiy underneath 
that Figure of the Multiplicand, wheſe place you intend to keep in 
the Product; And place all the other Figures of the Multiplier in 4 
quite contrary order to the uſual way. Then in Multiplying always 
begin at that Figure of the Multiplicand which ſtands over the 
Figure. wherewith you are then a Multiplying, ſetting down the 
firſt Figure of each particular Product, directly underneath one ano- 
ther; yet herein you muſt have a due regard to the increaſe which 
would arife out of the two next Figures to the right-hand of that Fi- 
| pure in the Multiplicand which you then begin with. 


Example. 


Let it be required ro Multiphy 3,141592 with 52,7438 and 
let there be only four places of Decimal Parts retain'd in the 
Product. 3 | 5 

If the propoſed Numbers were to be Multiplied at large, 

they muſt ſtand in a direct order as uſual. | 


Thus 
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A 


85 y 3,141592 And would produce Ten places 
Thus 527438 of parts, as n the laſt Example. 


Bur being tis required to have only four places of thoſe parts 
in the Product; ſer them down as above directed and they will 
ſtand ; OED 
141592 The Maltiplicand placed as before. 

Thus 8 The Multiplier * reverſe order. 

1570796] The Product with 5, regard had to 5 times 2. 
The Product with 2, increaſed with ꝙ X 2. 
Product with 7, increaſed with 5 X7+9X 7. 
Product with 4, increaſed with 1X 4-+5 x 4. 
Product with 3, increaſed with 4 x 3. 

25] Product with 8, increaſed with 4x 8+ 1x8. 

165,6995 The true Product as was required. 


The Reaſon of this Contraction is very obyious from the 
whole Operation wrought at large. 


Thus 3,141592 : 5 3 
52,7433  Frombhence at's evident that all the Figures 
2501327360 Min the Square to the right-hand, are wholly 
94424776 omitted in the former Contraction ; And 
12566368 that the laſt ſingle Product here, ; the firſt 

2 19911144 there; conſequently the Reaſon of placin 
6283184 the Multiplier in 4 reverſe order, mi an 

157 07 96 0 . appear very plain. 15 | 

165,6995,001259] | 


Example 2. 


Suppoſe it were required ro Multiply 257,356 with 76,48 
and to have only the entire Product of Integers. | 


257.356 4 257,356 
4487 The ſame at large. 1 f 6.48 


18015 | 20058848 
1544 
103 
20 13014192 _ 
19682 19682, 38688 
The chiefeſt care and difficulty that attends theſe Contractions, 
is the true ſetting down of the Units place in the Multiplier, un- 
derneath the proper Figure of the Multiplicand, according to the 
defign'd Product. 8 


| | Via. 


1 


—— 4 
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Viz: In Example 1. It was required to have four places of 


' Decimal Parts in the Product; therefore the Units place of the 


Multiplier was ſet under the fourth place of Decimals in the 
Multiplicand ? And in Example 2, becauſe it was requir'd to have 


an entire Product of Integers only; therefore the Units place of 


the Multiplier was (er under the Units place of the Multiplicand. 


This, I ſay, being once rightly underſtood, will render the 
Method eaſie in Practice. | 


Setz. 4. Diviſion of Decimals, 


Diviſion is accounted the moſt difficult part of Decimal Arith- 
metick; In order therefore ro make it plain and eaſie, it will be 
convenient to reſume what has been ſaid in Page 25. | 

Ihe Quotient Figure # always of the ſame Value or D 
Viz, ij with that Figure of the Dividend, under which the 
Units place of its Product ſtands. WES 1 


As for Inſtance, Let 294 be Divided by 4. 


This is not 7 but 70, becauſe the Units 
4) 294 (7 xplace of 4x7 ſtands under the Tens place 
28 (of rhe Dividend. e 
14 (3 But this is only 3. 
12 | 


Remains (2) Hence 734 is the Quotient. 
Now if to the Remainder 2 there be Annexed a Cypher, thus, 


2,0 and then Divided on, it muſt needs follow that the Unit: 5 
place of the Product ariſing from the Diviſor into the Quotient, 


Vill ſtand under the Annexed Cypher; Conſequently the Quotient 
* Figure will be of the ſame value or degree with the place of 


2 


that Cypher : But that's the next below the Units place, There - 
fore the Quotient Figure is of the next degree or place below 
Unity ; That is, in the firſt place of Decimal Parts. 


Thus 4) 2,0 (3 
So that 4) 294, (73,5 the true Luotient required. 


This being well underſtood ; Diviſion of Decimals may (in 
all the various cafes) be eaſily perform'd. However, thar it 
may be render d plain and eaſie, even to the meaneſt capacity 
it poſſible; Let Diviſion be again defin'd, as in Page 21. 

3 K Viz. 
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Viz. If that Number which Divides another, be Mulriplied | 
with the Number which 4 produced, their Product will be the | 
Number Divided. | wp | 

This Definition alone (if compar d with the Rule, Page 61) 
will afford a General Rule for diſcovering the true Value of the | 
Quotient Figure in Din of Decimals. | 1 

The places of Decimal Parts in the Diviſor and Quo- 7:3 

Rule. tient, being counted together, muſt always be equal in Num. 
) ber with thoſe in the Dividend, And from thi General BY 
Rule ariſeth four Caſes. e 1 

Caſe 1. When the places of Parts in the Diviſor and Dividend 
are equal, the Quotient will be whole Numbers. | 

As in thele Examples, | 


2535 | 390 
4225 1 468 
4225 1 468 
C 0 
Caſe 2. When the places of parts in the Dividend, exceel 
' thoſe in the Diviſor; cut off the Exceſs for Decimal Parts in the 
Auorient. As in theſe Examples. 
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24,3) 780,516 (32,12 436) 34246,056 (78,546 
„ . 
513 | 3726 
486 3488 
291 2380 
243 2180 
—— ů—ů—ð N — 
436 4534) 30438 (57 2005 
486 1% . 1744 
(o) 3738 2616 
(0) (0) 


Caſe 3. When there are not ſo many places of parts in the 
Dividend, as ate in the Diviſor ; Annex Cyphers to the Dividend | 
ro make them equal. Then will the Quotient be whole Nun. 

bers, as in Caſe 17 | BE, 5 
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x | A 1 . Examples. 15 5 

0 Let it be required to Divide 192, 1 by 7,684, And 441 by 8) 5. 

e 7,684) 192,100 (25 7875) 441,0000 (560 
153 63 „ 

„ 38 420 f 47 250 

d | (O9 (so) 


= gures in the Quotient, as there ought to be places of parts by t 
5 General Rule ; lupply their defect by pretixing e maths he 


Examples. 


N Let it be required to Divide 7, 25406 by 957. 
= 957) 125406 (,00758 the true Quotient required. 
; 5550 Again ,575) 0007475 (,0013 
Z 4785 3 _— 
. 7656 1725 
d 705 1725 
«| _—_ 1725 OE. 


Note, When Decimal Numbers are to be Divided by 10 . 100 
By 1000 . 10000 Sc. Thar is, when the Dzviſor is an Unit with 
Obers; Diviſion is performed by Removing or placing the ſe- 
päarating point in the Dividend, ſo many places towards the left 
3 hand, as there are Cyphers in the Diviſor. 


Examples. 


10) 5784 (578.4 100) 5784 (57,84 
1c00) 5784 (5,784 Ic090) 578,4 (05784 


I preſume it needles ro give more Examples at large, only 
= inſert a few Dividends, and Diviſors, with their Quotients; 
$ wherein are containgd all the varieties that can happen in Divi- 


| fron of Decimals. 25 
„ 574) 493066 (59 65 49,3066 (8,59 
5574) 493,066 (,859 5.04) 493066 00 (85909 
5574) 49,3066 60859 '  ,0574)-493 0660 (8590 
h 5,74) 4939,66 (869 . 40574) ,463066 (8,59 


K 2 ee 


Caſe 4. If after Diviſion is finiſhed, there are not ſo many Fi- 


Note. Theſe Operations are the direft converſe to theſe in Page 62, 
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There is. alſo a compendious way of contracting Diviſion, | 


Like unto thar of e Page 64, by which much La. 

bour may be ſaved; 

places of Decimal Parts in it: And its thus performed. 
Having determined how many places of whole Numbers there 

will be in the Quntient, if any at all; or if none, of what value 


or place rhe firſt Figure in the Quotient will be: Then omit, 45 
or prick off one Figure of the Diviſor at each Operation; viz, 


for every Figure you place in the Quotient, pr ick off one in the 
Diviſor; having a due regard to the increale which wou d ariſe 


1 
4 


from the Figure ſo omitted. 


Example. 

Let it be required to Divide 70,23 by 7.9863. 

The Work contracted. | | The ſame at large. 

7,9863) 70,2300 (8,7938 | | 7,9863) 70,2300 (8, 5938 
35 63 8904 

| | 6 3396|0 

5 5904] 


7491090 
7187167 


| * 


The Work contracted I preſume is ſo obvious (if compared 
with the ſame ar large) thar its needleſs ro give any farther 
Explanarion of it. | | 


SeA. 5. To Reduce Uulgar Fractions into Pecimals, and 


the contrary. 


Any Vulgar Fraition being given it may be Reduced, or rather 
Changed into Decimal Parts equivalent to it. Thus, 
| Annex Cyphers to the Numerator, and then Divide it 
Rul, by the Denomirator, the Quotient will be the Decimal 
Rule.) Parts equivalent to the given Fraction ; or at leaſt ſo neat 
Lit 4s may be thought neceſſary to approach. | F 


Exampl: 


= 
i 


1 


68 Atithmetick. Parc 


ſpecially when the Diviſor hath many | 
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e ee — Ts 
Tis required to Change or Reduce + into Decimals. 
4) 300 (55 The Decimal Parts required. 
bat is, 4=315,=,75. i 
Again 1,5 Thus 2) 1,0 (,5 And 2225 4) 1,00 (,25 
Suppoſe ir were required to Change 5 into Decimals. 
7) 4,0c00000000 (45714285714 &c=5 
Note, When rhe laſt Figure of the Diviſor (That is, the Dene- 
minator of the propoſed Fraction) happens to be one of rhele 
Figures; VIZ. 1. 3. . or 9. (as in the laſt Example) then 
the Decimal Parts can never be preciſely equal to the given 


Fraction; yet by continuing the Diviſion on, you may bring 
them to be very near the truth. As in this Example ; Suppole 


it required to Change 5+ into Decimal Parts. | 
13) 1,0000 (,07692307692307 &c. ad infinitum. 


o 


9155 | | 
90 Thar is, 0,07692307692397=74 fere. 
78 | | 
120 | And from hence 1t may be further ob- 
117 ſerved ; Thar in theſe imperſect Quo- 

* tients, the Figures do return again and 

5 5 circulate in the ſame order as before: 
— As you may eaſily perceive they begin 
40 todo in the feventh place of both theſe 

9 laſt Examples. 


&c. As at firſt. 


Theſe being underſtood, it will be eafie to find the Decimal 
Parts equivalent to any known Part, or Parts of Coin, Meights, 
Meaſures, or Time, &c. If you firſt Reduce the given Parts of 
Coin, &c. into a Vulgar Fraction, whole Denominator is the Number 
of thoſe known Parts contained in the Integer, and the given 
Parts its Numerator. | 


Examples in Coin, Ge. 


7, Let it be Required to find the Decimals of 16 4. 6 d. 


Firſt 16 5. ? of one Pound, and 6 d. of i, 
But 22 Zi Then 40) 33,000 (825 the Decimal Parts 
Required : That is, 825216 f. 6 d. | | 
Again, Suppoſe. it were Required to find the Decimals equal 
to 34 138. 4 d. | 
15 e Here 


70 W Arithmetick. Part I. 


Here 3 . is 3 Integers, and 135. of 11. and 4d , 1. 
Bur 13+ 44. =£53. Then 240) 160,000 (666666, Ge. 
Hence 3. 13s. 4d4=3.666666, Sc. As was Required. 

2. What are rhe Decimals equal ro 74 Inches, one Foot be- 
ing made the Integer. = 

Firſt, 7 Inches are , of 1 Foot, and 4 of 1 Inch are 43. 
But 2 ,4=33. Then 48) 31,000 (,64583 Sc. =7 + Inches. 

3. Let it be Required to Change 8 3. 19 Pwr. 8 Grains into 
Decimals ; one IB. Troy, being the Integer. 5 

Theſe being Reduced into their Leait Terms, and Added to- 
gether will become £324 of 1 lb. . 

Then 5760) 4304, 000 (,74722, &c. The Decimals Required. 

And thus may any propoſed Parts of Coin, Weights, Mea- 
ſfures, &c. be Reduced or Changed into Decimal Parts; which 
perhaps may ar firſt ſeem ſomewhat redious in Practice, but be- 
ing a little acquainted with them it will be found very eaſie; 
and the Ingenious Practitioner will (with a little Conſideration) 
ſoon find how ro Reduce them almoſt mentally; or with the 
help of a very few Figures; without the ule of ſuch large Ta- 
les as are uſually inferred in Books of Decimal Arithmetick, or 
at moſt they may be contracted into ſuch as theſe following; 
which if duly applied ro thoſe Tables in Chap. 3. will be found 
. 


Decimal Tables. 
5 | In Engliſh Coin. Averdupoiſe Weight. 
EDOCE ns 8 | | 00625....=1 Ounce 
0,00416665=1 & . .000390625=1 Drachm 
0,00104167=1 Farthing | 7, Tb. being the Integer 
as © being the Integer 
Troy Weight. Averdupoiſe Great Weight. 
e I N 
O, 00208333 Grain O, co89285 7 = Ib. 
I, 3. being the Integer 0,000558093—=1 Ounce | 
„„ 1, C. being the Integer. 
Apothecaries Weights. | | Time. 
0,125... .. =I Drachm C,04166667=1 Hour 
0,04166667=1 J 0,00060444=1 Minute 
0,00208333=1 Grain | ©00001157=1 Second | 
1, 3 being the Integer | | 1, Day or 24 Hours being 
A made the Integer. 


The Uſe of theſe Tables will be evident by the following. 1 
— — Example. 


„ 


FOES 


Example. 
Let it be Re re to find the Decimal Parts equivalent to 
17. 9d. 2 Farthings. 
Firſt, 0,05=1 9. Therefore 17 &, 05 = ,$5....=17 5. 
And 50416621 d. Therefore ,004166X9= ,037494=9d. 
Alſo 2) ,004166 (= ,002083=Z d. 
Conſequently their Sum, viz. 0,889577=17 s. 


Now to find the Value of Decimals in known Parts of 5 


or Meigbes, & c. is only the Converſe of the former Work: 
And is thus performed. 

Multiply the given Decimals with the Denominator of the 
Vulgar Fraction Required: That , Multiply the Decimais with 
ſuch a Number of Units æ are contained in the next Lower Deno- 


mination of ut Kind or Species which your Decimal F: 4nd 
the Product will be the Number Required. 


Example. 


1. What is the Value of 0,825 Decimals of 1 Pam Sterls, 
Thar is, how many Shillings, Pence, &c.—,825. Firſt, the ene 
lower Denomination is 20, becauſe 2o s. make one Pound.” 
Therefore © 825 


1 
 Shillangs "16,590 And Parts of 1 Shilling. 
12 
Pence 6, ooo Anſwer o.825=16 J. 6 d. 


Again, whar are the known Parts of Engliſh Coin equal 8 ta 
3,5666666 Decimals. 


Here the 3 Integers are 3 Pounds. Then 4666666 
20 

gy 13,333320 

I2 


Anſwer 3,666666=3 L 131. 4d. 668640 
5 33332 


Pence 3,999840 
| Whar ; is the Value of 0.74722 Parts of 1 15. Troy. 


Firſt, ,74722 Then, ,96664 Again, 33280 

| I2 20 24 
149444 Pwts. 19,33280 | "TL S21% 
74722 | „ 
2 — 

J, 8,96664 3. Pe. Gr. 7,987 20 


Theſe Collected are 83. 19. 8. very near. 
| And 
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Part I. 
And thus any 1 Number of Decimals may be turn d 
or changed into the known Parts of what they Repreſent. 
viz. Whether they be Parts of Coin, Weights, Meaſures, or 
 Tzme, &c. 8 | | 

I have omitted inſerting more Examples of this kind, becauſe 
I rake the Excellency, and indeed the chief uſe of Decimal 
Fractions to conſiſt more in Geometrical Computations, than in the 
Common or Practical Parts of Arithmetick, (as will appear fur- 
ther on) although even in thoſe they are very uſeful upon ſeveral - 
Accounts; eſpecially in the Computations of Intereſt and Annu- | 
ities, &c, (But of that more in its proper Place.) I ſhalt there- | 
fore conclude this Chapter with a Remark or two upon the 
Nature and Properties ot Fractions in General. ET LEES 

If any given Number (whether it be Mole or Mixd) be 
Multiplied with a Fraction, either Vulgar or Decimal, the Produ8 
will be leſs than the Multiplicand, in ſuch a Proportion, as the 
Multiplying Fraction is leis than an Unit or 1. 

That 2, 4s the Denominator of the Fraction 5 to its Nume- 
rator ; ſo will the given Number be to the Product. 

Therefore, whenever any Number is to be Multiplied with 2 
Fraction, whoſe Numerator is a Unit. Divide that Number by 
the Denominator of the Faction, and the Quotient wül be the 
Product Required, Thus 12x 4 3. And 1224 2 3. Again, 
12K 1 2. Rod 12 28. Ge. | 

From hence it follows, that if any Number be Divided by a 
Fraction, the Quotient will be greater than the Dividend; by ſuch 
2 Proportion as Unity is greater than the Dividing Frattion. 

Thus 12 =;=48, vix 4: 1: : 12 : 48. Sc. But the truth 


of theſe will be belt ul. dertiood after the next Chapter, 


—— «„ 


— — 


| CHAP. Vi. - 
Of Continued P2opoztions, and how to Change or Vary 
the Order of Things. . 


Sect. 1. Concerning Arithmetical Progreſſion, uſually called 
Arithmetical Proportion Continued. 


W HEN any Raxk or Series of Numbers do either increaſe or 
| decreaſe by an Equal Interval or Common Difference; 
thoſe Numbers are (aid to be in Arithmetical Progreſſion. 


As 


\ 


Gs. Of Propeztion, 3 


As . 5. 6. 7. Sc. £1 Here the Interval or 
| * . omen Difference is 1. 
; ors? +88 4 10. = R 14 © 4 Here the Common 
)J) 17-1 ᷣ o - 
And of any other Series whole Common Difference is is 
3 4-3 - Se | 


Lemma 1 I. 


If any three Numbers be in Arithmetical Progreſſion ; the Sum 
of rhe two Extreams (viz. the Firit and Laſt) will be equal ro 
the Double of the Mean cr middle Number, 

awlnyptzs,4.56 03.6.9 O37. 217;:; 
Viz. hens bd of Or 11576 And i So. 

Lemma 2. 


If any file 'Ninnbers are in Arithmetich Progreſſion, the Sum of 
tne two Extreamy will be equal to the Sum of the two Means. 

As in theſe; 1 4 6 8. Or 3. 6 9 . 12, 

Viz. 2+$=4+6; And 3+12=6+9, &c. 


Corollary 1: 


Pow theſe two Lemma's it's eaſie to conceive ; that F never ſo 
many Numbers be in Arithmetick Progreſſion, dle Sum of the 
two Extreams will be equal to the Sum of any two Means, thgt 
gre equally diſtant from the Extreams. 

As in theſe, 2. 4. 6. 8 . 10 12. 14 . 16. 

Then 2+16= + 149=5+12=8+10. 


Or if the 3 Terms we odd as theſe, 


E440; 44 18. Sc. 
j Then KTA te ro, 
4 Lemma 3. 


Every Series of Numbers in Ar:thmetich Progreſſion is Compo- 
ſed of the Interval or Common Difference, ſo otten repeated as 
there are 3 in the Progreſſion except the firſt. 

As in thele. 1. 3. 5. 7 N. 11. 13 15. 17. 6 

Here the e or Common Difference being two, it will 
be 1+2=3. 3+2=5. 5+2=5. 7T+2=9. 9h2=11, 
11+2=13- 13+2=15. 1 Ge. 

Corollary 2. 
Hence it's evident, that the Difference betwiæxt the tive Ex- 


| treams (viz. 1 and 17) 1j compoſed of the common Difference, 
Mulriplied into the Number of all the Terms excepting the 


jrſt. 
As in the aforeſaid Progreſſion, 1, 3. 5. 7. 9. 11, 13. 1 


The 


7. Aim Ph 


| The Number of Terms without the Firſt is 


8 5 
The Common Difference is 2 5 Multiph 
The Difference betwixt the two Extreams 16 | 
Propoſition 1. 
In any Series of Numbers in Arithmetich Progreſſion, the two 
Extreams, and the Number of Terms being given ; thence to find 
the Sum of all the Series. | 
* Multiply the Sum of the two Extreams into 
the Number of all the Terms ; and Divide the Product 
by 2. The Quotient will be the Sum of all that Se. 
ries. Per Corol. 1. e 
Example 1. 


Tis Required to find the Number of all the Stroaks a Clock 
ſtrikes in one whole Revolution of the Index. viz. in Twelve 


Theorem 


* 


Hours. 


"#4 Here I +12=13 the Sum of the rwo Extreams. 
And 12 the Number of all the Terms, 


26 
Then 2) 156 (78. The Number of Stroaks Required. 
| | . Example 2. 2 5 
Suppoſe one Hundred Eggs were placed in a Right Line a Yard 
ditant from one another; and the firſt Egg were a Yard from 
a Basket; whether may a Man gather up thoſe 100 Eggs 
tingly one after another, till returning with every Egg to the 


Basket and put it in, before another Man can Run four Miles. 


Thar is, which will Run the greater Number of Vards. } 
In this Queſtion 200-F2=202 Is the Sum of the two Extr. 


And 100 Is the Numb. of all the Terms, 
FO, | | The Number of 
3 Then 2) 20200 (10100 < Yards he runs that 
* : | takes up the Eggs. 


Now 4 Miles=7 040 Yards 1 The Yards he runs that takes yp 
But 10100—7040=23060 |. the Eggs more than the other. 


4 P Propoſition 2. „ 
In any Series of Numbers in Arithme tic Progreſſion, the two 


Extreams and Number of Terms being given; thence to find the 


Common Difference of all the Terms in that Series. 


The UTE ) Divided by the Number of Terms leſs an nit o 


a the Series. Per Corol. 2. N Exam- 


. mt wn. Ga , y i. 4 D535 a 1” 


The Difference betwixt the two Extreams, being 


1. The Duotient will be the Common Difference of 


A 1 


| Chap. 6. 


__ 


2 


Example 1. 
One had Twelve Children that differed alike in all their 


| Ages; the Voungeſt was Nine Years Old, the Eldeft was 


| Thirty Six and a half, what was the Difference of their Ages, 


| and theAge of each. 


Here 36,59=27,5 The Difference of the rwo Extreams. 
And 12—I=11. The Number of Terms leſs an Unit. 
Ihen 11) 27,5 (2,5. The Common Difference Required. 


© Conſequently 9+2,5=11,5 The Age of the Voungelt bur one: 
And 11,5 2,5 214 The Age of the Youngeit but two. And 


| ſo on for the reit. Per Corcl. 2. 


= 
— 


Example * 


A Debt is to be Diſcharged at Eleven ſeveral Payments to be 
made in Arithmetick Progreſſiun. The frſt Payment to be Twelve 
| Pounds Ten Shillings, and the laſt to be Sixty Three Pounds, What's 
the whole Debt, and what muſt each Payment be. 


Per Theorem 1. Find the whole Debt thus. 


12.5 63=75,5 The Sum of the Extreams, 
| 11 The Number of Terms. 


755 
755 n 


2) 830,5 (4 15,25 415. 5s. The whole Debt. 
Then Per Theorem 2, Find the Common Difference of each 
Payment. | | | | 
Thus 63—12,5z=30,5 The Difference of the Extreams. 


And 11—i=10o The Number of Terms leſs 1. 


Iden 10) 50,3 (5,05=5 L 14. The Common Difference. 


„„ .TE 28 


| Conſequently 12 10 +5 . 1=17 . 11 The Second Payment. 


CFT 


3 | , x 5. | 
| And 17 . 1145 . 1=22 12 The Third Payment, Go. 


Example -% 


A Man is to Travel from London to a certain Place in Ten 
Days, and to go bur Two Miles the firſt Day, encreaſing every 


| Days Journey by an equal Excels ; do that the lait Days Jear- 
dey may be Twenty Nine Miles; what will each Days Journcy 


and how many Miles is the Place he goes ro, diſtant from 


i L > Pirſt 


Of Pꝛopoztion, &c. 73 
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n = 
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8 Aribymetien, bor 


ws SOS arcs EE 
fi i 8 — The. Difference of the Extreams. * 2111. 
- frid 1019 1 The Number of Terms leſs 1 


Then G) 27 (3. The Common Difference. 


: Conſeq nly 24 3=5. The Second Days Journey, 


And 34 3=8. The Third Days Journey, Sc. 
"Adio. 27 25 31 The Sum of the Extreanit. 
10 The Number of Terms. 
2) 310 (155 The Diſtance Required. 
There are Eighteen Theorem more relating to Queſtions in 


Arithmetic Progreſſion ; bur bec auſe they would Require a great 
n any Words ro ſhew the Reaſon of them: I therefore refer 


tte Reader to the Second Part, viz, That of Algebra, where he 


{ay lind their Analitical Inveſtigation. 


Sect, 2 2. Concerning Geometrical P2opoztion Continued ; 
ſometimes called Geometrical Progreſſion. | 


When a Rink or Series of Numbers docs either Yioeats by one 

Saen Muu'tiplicator, or Decreaſe by one Common Diviſor; 
thoſe Numbers ace ſaid to be in Geometrical Proportion continued, 

3 4 4. 8 16 32+ Kc. here 2 is the common Multiplier, 
664. 32 16.8. 4. &c. here 2 is the common Di vi ſor. 

0 92. 6. 18. 34. 162. Kc. here 3 is the common Multiplier 

1165 54. 18. 6. . here 3 is the common Div4/or. 


Note, the common Multiplier (or Diviſor) is called the Ratio; 
and it ſhews the Hubitude or Relation the Numbers bare to one 


another, viz. whether they are Dauble, Triple, Cuadruple, 


. &c, Which Euclid thus deanes. 

Ratio (or Rate) = the mutual habitude or reſpect of two Mazni- 
tudes “ eee to Numbers) of the ſame hind each to other, 
according to Quantity. Eu. 5. Daf. 3. 

Proportion (rather Propertionality) is a Similitude of Ruios 
Eu. 5. Def. 4. 

Sc rhat there cannot be lels th an 1 Terms to form a PY. 
portionality or Similitude of Ratios 5 and if but three Terms, 
Lhe ſecond mult ſupply the place of two. As in ihele 2. 4. 8 

Ibat is, 2: 4: : 4: 8. (of:: See Page 5.) | 

Here + K Midale Term lupplies the "place of two Terms, 
16 Wit, of the fecond and ane + 8 bearing che ſame likencs 

likene 


— — 


* 
8 * 


4 :: So is 4: Tod, 9 20 


+. 


Lemma 7. 


it three Numbers are proportional, the Rectangle or Product of 


the rwo Extreams; viz- of the firit and lau Terms will be equal 


to the Square of the Mean or Middle Term. (20 Euclid 7.) 


As in theſe 2: 4:: 4: 8 Here 8 & 2=16 the Product of 


the Extreams. | : 
And 4X4=16 rhe Square of the Mean, Ergo 8 X2=4 X4. 


* 


Corol. 1. 


Hence ir follows, chat if the Product of any two Numbers be 
equal ro the Square of a third Number; thoſe three Numbers will 
be in Proportion, 


Lemma 2. 


If four Numbers are proportional, the Product of the two 


Extreams, will be equal to the Product of the two Means. 
(19 Euclid 7.) | wok 15 
As in theſe, 2: 4: : 8: 16. Here 16 X2=32 
And 8 X 4 32. Conſequently 16 * 28 X4. 


Corol. 2. 


From hence it follows, that if the Product of any two Numbers, 
be equal to the Product of any other two Numbers, thoſe four Num- 
bers are Proportionals. | | 

And from theſe two Lemma's, it will be eaſie to conceive; that 
if never ſo many Numbers are in continued Proportion ; the 
Product of the two Extreams, will be equal to the Product of any 
wo Means, that are equally diſtant from the Extreams. 


Adin tbe 2.4 $16; 33: $6; Se 
Here 64 X 2=32 K 4=16 X$, &c. And if the Number of 
Terms be odd. 
As in theſe 2. 4. 8 . 16 . 32 . 64 . 128 &c. 
Then 128 & 2=$4 X 4232 X'$=16 X 16. 
Note, The Character made uſe of to ſignify continued Propertis- 


nals i = 


In 


4 doth to 2. Viz. As 2: is to 


— _ Re 
A pore; r 7 nay es & 8 
7 2 r * 2 * 2 9 ww . 333 >. ot 


LOL 
. — 
n 


5 
1 
* 
3 
Che? 
"Ig 
1 ; 
bf > 
2 1 
N 0 
5 
7 
pet 
F A 
i 
EY 
4 
5 
1 
bs 
+ 


Ws 
18 
45 
* * 
14 
1 
* 
bl 
3 
1 
=. 
= 
xx 
* 
1 
1 
BY 
» 7 
* : 
'W 
$4 
* 
Fr 
1 
* 
"5 
S 
1 
88 
1 - 
bh 
19 
WE 
2 
A 

2; 
| Ee 

1 

1 = 

7 
* 
1 
8 
£ 
1 
þ 
7 
F i 
E ö 
3 
* 

i 
9 
: * 
* 
We: 
: t; Ca 
2 $ 
p : 
3 

: 


. 
. ——— > 


* — 


—_ 


- . a 
ITY 
d ” 
RRR n 


n 


78 * Avithmetich, "on "Part 1 

In every Series of = <& Viz. of continued Proportionals) thar Num 
ber which is compared to another, is called the Antecedent of 
the Ratio ; and that Number to which it is compared, is called its 
Conſequent. 

As in theſe, 2: 4: : 4: 8. Here 2 is the Antecedent, and 
4 is the Conſequent'; and 4 the middle term is an Antecedent to 
8 its Conſequent: Whence it follows, that in every Series of = 
all the Middle Terms berween the * and laſt are both Antece- 
dents and Conſequents. 

As in thele, 2.4.8 . 16 . 32 . 64 &c. Here 4. 8. 
16 37 ate borh Conſequents and Anteccdents. 

/ A o 192: 2 : 64 &c. 

So that all the Terms except the lat are . And 
all the Terms ry the firit are Conſequents. 


Lemma 3. 


If never ſo many Numbers are Proportional, it will be : As 
any one of the Antecedents is to its Conſequent : So will the Sum 
of all the Aptecedents be; lo the Sum of all the Conſequents. 
(1: 12 Euclid KI 
| | That is, in che foregoing Series. 

2 4: : 2+4+8+16+32 : 4+85+16+32+64. 

For its evident, that 4+8+16+32+64 the Sum of all 
the Conſequents, is double to 2-F4+ 8+ 16+32 the Sum of 
all the Antecedents ; As 4 Is to 2. according to the Ratio. and 
would have been Triple, or Quadruple, &c. had the Ratio been 
3 Oe 4 Sc. 

Note, In every Series of = the Ratio is found by Dividing any 
of the Cunſequents by its Antecedent. 


As in theſe 2: 6 6: 18: : 18 4 1 34 : 162. 
Here 2) 6 (3 che Ratio. Or 6) 18 (3 &c. 


From the ſecond and third Lemma's may be raiſed rwo Gene- 
ral Theorems or Rules, for finding the Sum of any Series in r 
without a continued Addition of all the Terms. 


Ler the i 4 8-16: +33: 64: 128 . be given 
to find its Sum. TN 


Suppoſe I the Sum of all the Terms. 
Then will 2— 28 the Sum of all the Antecedents. 
And z—2=the Sum of all the Conſequents, 
But 2:4: : z—128 : z—2 . per Lemma 3. 
Erg0 4 #5 12=24—4 . per Lemma 2. 


C | Ss 2 N N 2 
5 4 * n 7 rr 4 2 + 
R * * Ct r „ ee 4 K 
1283 e n VVT 8 o 8 
2 2 n r 8 ö ORE, of EO 
FD Cn eG; te LE ee 9 1 


J . EA LS 
IT e 1 5 eee 22 


r 22 


” - — ˙ af R . — 6 ' N — 
Chap 6. Of Proportion, & 9 


5 Conſequently AF —2F=5 124. 
r i | 
8 Theorem 1 * 5 In words at length thus. N 
From the Product of the ſecond and laft 
Terms, Subſtrat the Square of the firſt Term ; 
Theorem 1. (that Remainder being Divided by the ſecond 
LEE rem leſs the foſt will give the Sum of all the 


Series. 


Or if the firſt Term the common Ratio, and the laſt Term be 
only given. Then 


ö Lt 


Multi ply the laſt Term i nto the Ratio, and 
. from their Product Subſtra# the firſt Term ; 
Theorem 2. < Divide that Remainder by the Ratio leſs Uni- 
ty or 1, and it will give the Sum of all the 
| (Series. 
For 43—23 25 12—4. As above. 
Conſequently 22— 3 2256-2 viz. the laſt Divided by 2. 
T bes 17 — Theorem 2. 
Example. Let 2. 6 . 18 . 54 162 . 486 . be the given Series. 
Here 2 is the firſt Term, 3 is the Ratio, and 486 the laſt Term, 


But 486X 3=1458. And 1458—2=1456. 
Then 3—1=2) 1456 (723 the Sum required. 
That is 528=2+6+18+54+ 162+ 486. 


In either of theſe Theorems it is required to have the laſt Term 
known (the which in a Long Series of = will be very tedious 
to come at by a Continued Mzrltip/icat;on, ©c. It will there- 
fore be convenient to ſkew how to obtain either the jaſt Term 
or any other Term, whoſe place is aſſigned; without producing 
all the Terms.  -: | 
In order ro that, it will be neceſſary to premiſe the Cohe- 
rence or Similirude that is betwixt Numbers in Arithmetical Pro- 


greſſon, and thoſe in Geometrical Proportion 


If ro any Series of Numbers in = when the firſt Term is not 
an Unit or 1, there be Aſſigned a Series of Numbers in Arith- 
metick Progreſſion , beginning with an Unit or 1, and whole 
Common Difference is I. Called Indices or Exponent. i 


f 1 11 Indices. 
Thus, 1 Sc. = 


e Then 


— . — 


— 4 


. wil the 22 or r Subſtrafbion of any two of choſe 


Indices (or Numbers in Arithmetick, Progreſſion) directly Corre- 


ſpond with the Produf or — of their Reſpective Terms in 
the Series of =... | | 


As ah 
That is, oo 8$X16=1283 the Seventh Term in = 


| As '6+4= 10. 

Again, 4 64X16=1024, The Tenth Term in = 
5 As 7 — 3= 4. As 6—2=4 

Or, 155 123 7282216. Or, Io 645 wy * 


Bar if the Series of = begin with an Unit, the Indices mult 


begin with a Cypher. 


3 f VVV 
As in theſe of © 7 


Now by the help of cheſe Indices, and a few of the firſt Terms 


in any Series of = It is plain char any Term, whoſe Place or 


Diſtance from the fir it Term is Aﬀigned, may be pendity ob- 
tained, em Producing the Whole Series. 85 


Example 1 I, 


A Man 3 2 Horſe, and was to give a Farehing for the 
firſt Nail, two for the ſecond, four for the third, Sc. In = The 


Number of Nails was to be7 in every Shooe, viz 23 Nailsin 
all. What muſt he have paid for the Horſe. 


LE Fr 2. | 
Firſt, TT; . 16 . 32, Farthings in + 


Then, 9 cee And 5. 10 + 10 20 


32K 322¹024 1024 * 1024“ 43576 


„ r 20 T7 27 
Again, 4 16 & 8128 Laſtly 13 * 1282134217728 


Which is here to be accounted the 28 and laſt Term. Becauſe 
the firlt Term in the Series is 1. Which doth neither Multiply 
nor Divide. 

Now this 134217728 being the Number of Farthings to be 
paid for the lat Nail, by it the common Ratio which is 2, and 
the firft Term which is 1, may be found the Sum of all the 
Series, Per Theorem 2. 


134 


1 


chap. 6. Of Pꝛopoztion, &c. 
— 134217728 
En 


263435456 From this Produft Subſtrat 1. 


Fiz 268435456—1=268435455. Then 2—1=1 the Diviſor. 


Conſequently 268435455 is the Sum of all the Series or Price 
of the Horſe in Farthings; which being brought into Pounds, 
Kc. (See Page 45) will be 279620 J. 37 3 d. 3 Farthings. 


Example 2. 


A cunning Servant agreed with a Maſter (unskill'd in Num- 
bers) to ſerve him Eleven Years without any other Reward for 
his Service but the Produce of a Mieat Corn for the firſt Yaar ; 
And that Produtt to be Sow'd the Second Lear; and ſo on from 
Year to Year until the end of the Time. Allowing the En- 
creaſe to be bur in a Ten · fold Proportion. | 


Iiis Required to find the Sum of the whole Produce. 
Firſt 8113 . 5 . Indices or Tears. 


L 10 . 100. 1000 . 1000. tooooo FYheat-Corns in * 


mat Oe 
So 1c000XK loo e looo. the 6th Years Produce 


And J öͥꝗ x ꝗAAꝗüũ 1 


ooOοοοσ NM I00000=I 00000000000, The Eleventh or 


laſt Years Produce. 


Then, (either by Theorem 1 or 2) the Sum of all the Series 
will be, 1IIIIIIIIIIo Corns, Now it may be Compured 
from Page 31 and 34, that 7680 Wheat Corns round and dry 
our of the middle of the Ear, will till a Statute Pint. If fo; 

Then 7680) 111111111110 (14467592 Pints, but 64 Pin:s 
are contained in a Buſhel. 8 

Therefore 64) 14467592 (2260564 Buſhels. Suppoſe it to 
be fold for 3 ShiYings the Buſhel; no 

Then a 1 | | 

Shillings 6781684. 233908 J. 85. 41 d. A very good 
Recompence for Eleven Years Service. 


There are ſeveral pretty Queſtions Reſolved by Numbers in 
Arithmetical Progreſſion ; And by thoſe in = which the ingenious 
Learner will ealily perceive hereafter ; viz. When we come 10 
the Solution of Queſtions, relating to Intereſt and Annuities, &c. 
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the Second and Third. 


82 " "Arithmetic, Part l. 


| There is alſo a Third Kind of Proportion, called Muſical ; 


which being bur of little or no common uſe, I ſhall therefore 

give but a ſhort account of it. | 
Muſical Proportion or Habitude is, when of Three Numbers the 

firſt hath the ſame Proportion to the Third; As the Difference 


— 


between the Firſt and Second hath to the Difference between 


As in theſe. 6.8.12. wiz. 6: 12::8—8: 12—8 
If there are Four Numbers in Mufical Proportion, the Firſt will 


have the ſame Proportion ro the Fourth ; As the Difference be. 


rween the firſt and Second bath to the Difference between the 
Thigd and Fourth, 
WE. As in theſe $ 14 21 $4: 
' Here 8 : $4 :: 14—$=6 : $q—21=63. 
Thar is, $: $4 : 6: 63. 

The Method of finding out Nambers in Muffcal Proportion is 
beſt expteſled by Letters; as ſhall be ſhewed in the A/pebraick 
Part, 8 


Sect. 3. How to Cbange or Uarie the Order of 
; Things, Cc. . 


This being a Thing not Treated of in any common Books 


of Arithmetick (that 1 have had the opportunity of pervſing) 
made me think it would 13 to the young Learner to 


know how oft its poſſible ro Varie or Change the Order or 
Poſition of any Propoſed Number of Things. 

As how many ſeveral Changes may be Rung upon any Pro- 
poſed Number of Bells; Or how many ſeveral Variations may 
be made of any Determined Number of Letters; Or any other 
things expoſed ro be Varied. | 

The Method of finding out the Number of Changes, 2 by 


_ continual Multiplication of all the Terms in a Series of Arith: 


merical Progreſſionals; whoſe firſt Term, and Common Difference 
4 Unity or 1. And laſt Term the Number of Things propoſed 
to be Varied, viz. 1X2.X3X4X5X6X7 Sc. As will appear 


from what follows. 


1. If the things propoſed to be varied are only two, they 


admit of a double Poſition, as to order of Place ; And no more. 


Thus, 1 : : : T=2=1 X 2, 


6 
2. And if three things are propoſed ro be varied, they may 
| be 


Chap. 66 Of proportion, & 8 


* . 


— Ro 


be be changed RY ſeveral OP” I As 1 ro rheir order of ae ; 
And no more. 


For beginning with x there will be Hy *. 


Next beginning with 2 there will be bu 4 . 


Again, beginning with 3 and ir will be + g : 
Which in all make 6 or 3 times 2. viz. 1X2X3=6. 


| 3. Suppoſe four things are Propoſed to be varied; Then 
| they will admit of 24 ſeveral Changes, as to their Order of 
| different Places. 


I 
Ns 

For beginaing the Order with 1 it will be . ; 

Here is Six Different Changes. * 


And for the ſame Reaſon there will be 6 Different Changes 
when 2 begins the Order, and as many when 3 and 4 begins 
the Order; which in all is 24=1X2X3X4. And by this Me- 
thod of Proceeding, i it may be wade evident that 5 Things ad- 
mit of 120 ſeveral Variations or Changes; and 6 Things of 
720. Ce. As in this following Table. 


"The Number | The manner how | The different T or 
of Things pro- | their ſeveral Va-| Variations every one of the 
| Poſedto be va- | viations are Pro- propoſed Numbers can ad- 
ried. duced, mit of. 


ö ö 


| IXEF==1I 
1X2 | =2 | | 
2X3 | =6 
24 X5 | =120 ; 
120X6 | =720 | 
720 X7 | =5040 1 
| 5040X8 | =40320 

40320 X9 2362880 | 
362380 X10 | =3628800 | 
3628800X11 | 39916800 
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39016800 XK 12 =4.79001600 1 
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bete may be thus Continued on to any Aſſigned Nan 
ber. Suppoſe to 24 the Number of Letters in the Alphabet, 
Which will admit of 62044840 173323943936 Several 


Variations. 


. Computations may be ſtarted ſeveral pretty, and 


indeed very ſti ange Queſtions. 


Examples. 


Six Gentlemen that were Travelling met together by Chance 


at a certain Inn upon the Road, where they were fo pleaſed 


with their Hoſt, and each others Company, that in a Frolick 
they made a Coniract to ftay at that Place, fo long as they, to. 
gether with their Hoſt, could fit every Day in a different Or. 
der or Poſition at Dinner; which by the foregoing Compura- 
tions will be found ncar 14 Years. For they being made 7 
with their Hoſt, will admit of 5040 Different Poſitions '; but 


| $040 being Divided by 365% the Number of Days in one Year, 


will give 13 Year's and 291 Days. A very pretty Frolick 
indeed. 5 
I have been told (Thar before the great Fire which happen'd 


Anno 1666) there was 12 Bells in St. Mary Le Bows Church in 
C beapiſide, London. Suppoſe it were Required to tell how many 
ſeveral Changes might have been Rung upon thoſe 12 Bells; 


and at a moderate Computation how long all thoſe Changes 
would have been Ringing but once over. Ws 


Firſt, TKUKZK&NG NEXT N NYNIoXIIXI2 = 479001600 


ihe Number of Changes. 


Then ſuppoſing there might be Rung 10 Changes in one Mi- 
nute: viz. 12 XI = 20 Stroaks in a Minute, which is 2 Stroaks 


in a Second of Time; now according to that rate there muſt be 
allowed 47900160 Minutes to Ring them once over in all their 


different Changes; VIZ. 10) 4001560 (4700160. 
In one Tear there 18 365 Days, 5 Hours and 49 Minutes, which 
being Reduced inio Mines, is 525949. 


Then 525949) 47900160 (91 Years, and 26 Days. 


So long would thoſe 12 Bells have been continually Ringing 
without any Intermiſſion, before all their different Chanpes 
could bave been truly Rung bur once over. Tis ſtrange and 


leems almoſt incredible, that a few things ſhould produce fuch 


Y arieties, 


Bur 


Chap. 7- Of Pꝛopoztion, cc. 85 
But that which ſeems yet more ſtrange and ſurpriſing, yea 
even impoſſible to thoſe who are not a little vers d in the power 
of Numbers, is, that if two Bell more had been added to the 
aforeſaid 12 they would have advanc d the Number of Changes 
(and conſequently the Time) beyond common belief. For 14 
Bels would require (at the ſame rate of Ringing as before) about 
16575 Tears to Ring all their different Changes but once over. 


And if it were podſible to Ring 24 Bells in Changes, and at the 


ſane Rate of 10 Changes in a Minute which is 4 Stroaks in one 


| Second ; they would require more than 1190 000000000000000 


Tears to Ring them but once over in all their different Changes ; 


as may eatily be compured from the precedent Table. 


3 1 . 


CHAP. VII. 


of Pzopoztion Disjunc commonly called the Golden Rule. 


Roportion Dijunct, or the Golden Rule, is either Dire or 
L Reciprocal, called Inverſe, And thole are both Simple and 
Compound. | 5 


Sect. 1. 


Direct Proportion is, when of four Numbers, the Firſt beareth 
the lame Ratio or Proportien to the Second; As the Third doth 
to the Fourth. ARE | OO 

| Asintheſe 2 58.33 6 24. 


| Conſequently, the greater the ſecond Term is, in reſpect to 
the firſt; the greater will the fourth Term be, in reſpect to the 
third. =; 


Thar is, as 8 the ſecond Term, is 4 times greater than 2 the 


firit Term: So is 24 the fourth Term, 4 times greater than 6 the 
third Term. 5 


Whence it follows, that if four Numbers are in Direct Propor- 
tion, the Product of the two Extreams, will always be equal to 
the Product of the two Means, as well in DijunF as in continued 
Proportion; according to Lemma 2. Page 77. | 

For AS2:2X4::6:6X4 Or As$3:3X5::6:6X5. 
But 2 K C X4=2 XA K 6. Or 3 & 6 X 5 235 X6. 
Thar is, the Product of the Extreams is Equal. to ttat of the 

Means. | | 


Again, 
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Again, the leſs the ſecond Term is, in reſpect to the firſt ; the 
leſs will the fourth Term: be, in reſpect to the third. 


hence it's call'd the Rule of Three, 


* 
— 
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e hete. ee 6.5 2-12 + 4, 

That is 13 18 :: 1 1 3. 

But 18 122 3 2 18 ＋3 N 12. Viz. 18 & 425 „ 12. 

Conſequently 2. 8. 6. 24. And 18. 6. 12. 4 are true 
Proportonals, per Corol. 2. Page 77. 

From thele Conſiderations, comes the Invention of finding 
a fourth Number in Proportion to any three given Numbers, 

Fcr it the ſecond Number Multiplied into the third, be equal 
ro the firſt Multiplied into the fourth, it is eafie to conceive, 
that if the Product of the ſecond and third be Divided by the 
firſt, the Quotient muſt needs be the fourth Number. For if that 
Number which Divides another, be Multiplied into the Quotiem 
produced by that Diviſn; their Product will be equal to the 
Number Divided. See Page 21. 


As in theſe 2: 8: : 6: 24. Here 8 X6 =43 =24 NK 1. 
Bur if 24 * 2 2 48. then will 43 =2 = 24. Or 48 +24 =2. 


Note, Any four Numbers in Direct Proportion may be varied ſe. 


5 veral ways. As in thele, | | 


Pig. 1t 2 = $: 76: 24; Then $2: 61:33: 2%. - 
And 6:24 ::2: 8. E 6:4 £2 4.46 


Theſe Variations being well underſtood, wil! be of no ſmall uſe in 
the true ſtating of any Queſtion in thy Rule of Three. 


When three Numbers are given, and it is required to find à 


fourth Proportional; the greateſt difficulty (if there be any) will 


de in the right ſtating the Queſtian, or Alftracting the Numbers 
our of the words in the Queſtion, and placing chem dywn in 
their proper order. | 


Nov this will be very eaſie if it be truly conſidered, that al- 
ways two of the three given Terms, are only ſuppoſed, and align 


or limit the Ruio or Proportion. The third moves the Lus/izon ; 
And the fourth gives the Anſwer. 
As for Inſtance; If 3 Yards of Cloth colt 9 Shillings : Wia 
will 6 Tards coſt at the ſame Rate or Proportion 9 
Here 3 Tards, and 9 Shillings, are two ſuppoſed Numbers that 
imply the Rate; as appears by the word (if) viz, if 3 Taras 
r. 9 Shilling (Then comes the Queſtion) What will 6 Tard. 
coſt? ; N. 


Chap. 7. Of Pꝛopoꝛtion, &c. 7 
N. B. The Term which moves the Queſtion hath generally 


ſome of theſe words before it; viʒ. What will ⸗ How manp? 


ow long 2 How far * or Mow much? Kc. 2 
Biden (carefully obſerve this; viz.) The firit Term in the 
Suppeſition muſt always be of the fame Kind and Denomination 
with that Term which moves the Queſtion. And rhe Term ſought 


will always be of the ſame kind and Denomination with the ſe- 
cond Term in the Suppoſition. 


Yards. Shil. Tards, Shil. | 
Thus + "8 622 — Then 


All Queſtions in Direct Proportion may be Anſwered by three 
leveral Theorems. | 
Alti ply the ſecond and third Terms together, and 
Theorem 1. Divide their Product by the firſt Term; the Quo- 
| tient will be the Anſwer requit ed. 
Tards. Shil. Yards Shil. 
Thus 3: 9: : 6: 18. | The Anſwer. 
3 2 becauſe the ſecond 
3) 54 (18 Shillimgs, 7 Term was Shilling 


Divide the ſecond Term by the firſt, then Multiply 
Theorem 2. the Quotient into the third Term ; and their Pro- 
| duct will be the Anſwer required. 
Tards Shil. Yards Shil. 
£039: $3:0-23:1% 
Thus 3) 9 (=3. Then 3 x 6 = 18. as before. 


Fegg Js rg g 


Theorem 3. tbat Quotient into the ſevond Term, and "their 
Product will be the Anſwer. 


Yards Sbil. Yards Sil. 
wy 3 9 62 18. 
Thus 3) 6 (=2. And 9 222 18. as before. 


Here you ſee that all the three Theorems are equally true; but 
the firtt is moſt General, and uſually practiſed. Vet the two laſt 
may be readily performed when either the ſecond or thigd Term 
can be Divided by the firſt; And will be found of ſingular Uſe 
ia the Rules of Fellowſhip, &c. as will appear further on. 


Queſt 
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QDueſt. 2. If 8 th. of Tobacco colt 14 Shillings ; What will 
halt a hundred Weight (vix. 56 10.) coſt at the fame Rate. 
338 1 

| | 8) 784 (=9$8s.=4l. 18 5, 
Or thus 8) 56 (=7. Then 14 X7 =58 5. as before. 


Queſt. 3. If 14 nv, will buy 8 Ib. of Tobacco; How 
muca will 4 J. 18 5. buy after the ſame Rate ? oy 


| Stated thus 145. 81h :: 4 J 18 . =985.: —— | 
Then 98 Xx 8 — 784. And 14) 784 (56 tb. The Anſper-+ 


Queſt. 4. If half a hundred weight of Tobacco be worth 44 
18 3. How much may I buy for 14 Shillings at that Rate? 


Stated thus 41. 18 3. = 98 3. 56 t. 2 1475.— 
Then 56 X14 =784- And 98) 784 (8 tb. The Anſwer. 


Queſt. 5. Suppole 4 /. 18.5, will buy 56 1b. of Tobacco, what 
will 8 ib. of rhe {ame Tobacco colt ? 


This Dueſtion is thus Stated, 56 K.: 4 J. 195. 298. :: 816; - 
Then 98 x 8 2 784. And 56) 784 (= 14 s. The Anſwer. 


Noe. The three la Queſtions are only the ſecond varied, be- 


ing propoſed purely ro give an Iuſtance how any Queſtion in this 
Rule of Three may be varied, according to Page 86, 


Deſt. 6. What will 4 of a Yard of Velvet coſt, when the 
Price of 21 Tards and a half is worth 221. 10s. 6d. This 
Dueftion truly Stared will ſtand | 


Thus 214 74s : 221. 105. 6d. : 3 To the Anſwer. 
Which may be found three ſeveral ways; iz. by Reduction; 


by Vulgar Fractions; or by Decimals. 


1. By Reduction. Bring the firſt and third Terms into one 
Denomination ; viz. into Quarters, and Reduce the ſecond Term 
into its leaſt Denomination, per Sect. 4. Page 42. 

Thus 214 —= 86 Quarters. And 221. 105. 6 d. = 5406 Pence. 

Then 86: 5406 :: 3 15 5. $524. Far 5406 X3 = 64 

n 
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— 


And 86) 16218 (2188 22d. Then 1885s Pence=15 1. 8 d. 
244 Farthings ; the Anſwer required. ah 8 

2. The ſame Queſtion ſtated in Vulgar Fraftions will ſtand 
Thus 211: 2248248 :: 4: (See F. 3. Page 50.) 
Then 22s x4=3753. And ) £733 (S578 Page 55, 56. 

Theſe 5425 Parts of a Pound are brought into Shillings by 
Multiplying the Numerator with 20, and Dividing the Product by 
us Denominator, &c. 8 


Thus 5406 20 108 120. And 6880) 108 120 (155. 
And there Remains 4929. Again 4920X12=59040. | 
Then 6880) 59040 (8 d. and 13 Sc. as before, 
3. The ſame wrought by Decimal Fraftions will be thus; 
21:=21,5 22 J. 10s. 6 4=22,525 and 4=0,75 
Therefore 21,5 : 22,525 :: 0,75 : to the Anſwer. 
Then 22,525X0,75==16,89375 
And 21,5) 16,89375 (0,7857 {=15 5. 8d. 2 far. 372. 


Queſt. 7. If 2 C. 3 978, 21 Th. of Sugar coſt 6 J. 15, 84. 
what will 12 C. 2 qrs. coſt at the ſame Rate. 


That is 2 C. 3 qr, 21 TH: 64. 14.8 d:: 12 C. 2 : To what a 


4 10 4 
11 gra. 1213. 50 Js. 
28 12 28 

88 250 ds Ih. 
22 | 121 


biz. 308+21=329 Jþ : 1460 : : 1400 15 

Then 1460X1400=2044000. And 329) 2044000 (62124 4. 
225 . 17 5. 84 d. the Anſwer required. 5 

The ſame Queſtian Stated in Decimals, will ſtand 

Thus 2,9375 : 6,833 3 12,5 : To the Anſwer. 

Then 6,0833 K 12,5 276,04 125 Which being Divided by 
29375 will give 25,8863 Sc. the Anſwer in Decimals, which 
brought into Coin, will be 25 J. 17 3. 84 d. as before. 


Note, When the firſt Term an Unit or 1, the Queſtion x 
Anſwered by Multiplication onh. 


Example. Suppoſe I give 5 Shillings 4 Pence for one Ounce of 
Silver, what muſt I pay for 321 Ounces at the ſame Rate. 
ee rt That is 13: 55. 4d. :: 3211: To Ge. 
Which is beſt Stated thus 1: 644: : 32, 
5 Then 
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8,” 


"Then: v2; 5400 d. 28 l. 13 5. 4 d. the mus required 
For 1 neither Multiplies nor Divides. 
When the ſecond or third Term is an Unit or 1 then the Que. 


ſtion is Anſwered hy Diviſion only. As in ee, 


It a Silver Tankgrd, weishing; 21 Quinees, me . 198. whats E 


that an Ounce 


Thus 210 5 . 197 279% 1755. 34 To the Ae. 
Thar i is 21) 119 3 I3S3-2: 8 d. | 
The Proof of all Queſtiams in the Rule of Three Direct, may 


be eafily conceiv'd from what hath been already laid; diz. 


Thar the Product of the firſt and fourth Terms, muit always be 
equal to the Produti of the ſecond and third Terms. 
Or otherwiſe, 'by varying the Veſtion, as in the Second, 


| Third, Fourth and Fifth Dreſtions, 


1 thall conclude this Section with inſerting a few Oueſt; 


ons and their Anſwers; leaving their Wen tor the e 
Practice. 


Qu. 1 What will the Carriage of 17 C. 3 5 11 th. come 
To, at the Race of 75. thc Hundred. 
. Anſw. 61, 45. 113 4 
OT If 61. 4s. 1159. be paid for the Carriage of 17 c 


=Y 9. 11 th. what was paid for the Carriage of one 15. 


Anſwer 3 Farthings, 


Oueſt 3. A Grocer bought 3 C. 1 qr. 14 Ib. weight of 
Cloves, at the rate of 2 . 4 d. per . and fold them for 
521. 14 Whether did he gain £ lole by the Bargain, and 


how much. 
Anſwer he gained 8 J. 125. WW 
Queſt. 4. A Draper bought of a Merchant eight Packs of ; 
Cloth ; every Pack had feur Parcels in it; And each Parcel 
contained ren Pieces ; Every Piece was twenty Fx Yards; 


He gave after the rate of our Peumds ſixteen Shillings for 6 Tards 


War came the tk Facks to, and what was it worth pr 
Turd. 


Anſw. They came to 6656 J. And is worth 16 5. per 700 


Queſt" 5. A Merchant bought 436 Yards of brœa ! Cloth fi 
8s. 6 d. per Tard. And fold it again for Tos. 4 d. per Tab 
What did he gain by the 436 Tards, 


aul he gain d 39 /. 195. 44 
Up 


| 531,65. lait at that Rate. 


Aird colt at that Rate. 


Que 5 1 * Goldſmith bought a Wedge of Gola, which weigh. 


ed 14 1b, 307. 8 pw. for 514 1 4. What did he pay per Ounce. 


Anſw. 3 1. per Ounce. 


| Oueſt. 7. What will 48 or. 17 pwt. 20 Grains of Silver Plate 
come to, at the Rate of 5 5. 6 d. per Ounce. - 


| Anſw. 131. $5. 104d. 
Queſt. 8, If in four Meels one ſpend 135, 4d. How long will 


; , 
Anſw. 6 Years, 47 Days, 2 Hours, 24. 


| Oueſt. 9. Nhat will the one eighth part of a Ship be worth; 
| when che half is valued at 1015 /. 105. £ | 


| Anſw. 253 EN 
Queſt. 10. The Sun is ſaid to perform one entire Revolution, 


for three Hundred and Sixty Degrees) in the ſpace of three Hun- 
dred Sixry five Days, five Hours, forty eight Minutes, and fifty 
ſeven Seconds of Time, called a Tropical or Solar Year. How much 
doth it move in one Day. | 


0 i” " 


Os Anſw. 59 819 Ke. 
Dueſt. 11. If + of a Yard of Velvet colt à of a Pound Sterling; 


: what will ;5 of a Tard coſt of the {ame Velvet, at that Rate. 


5 | | | Anſi v. DR I's, 4d. | 
Queſt. 12. Suppoſe 2 J. and 4 of 4 of a Pound Sterling will 
buy 3 Yards and + of + of a Tard of Cloth; How much will + of 


Anfw. 4435 Of a Pound==9 5. 43 d. 


| $4. 2. Of Recipꝛocal Y25poztion ; uſually called the 
Rule of Three Inverſe, | 


Reciprocal Proportion is. when of four Numbers the third (vig. 


that which moves the Queſtion beareih the lame Ratio to the 


tirit ; As the ſecond does to the ourth. : | 
Therefore, the leſs the third Term is, in reſpect to the firſt; 
The greater will the fourth Term be, in relpect to the ſecond, 


Example = 


If fixteen Men can do a piece of Work in fix Days; Ihn 
many Days mutt eigbt Men require to do the fame Work, at 
the ſame Rate of working, 
Here tis plain that Eight Men mutt needs have more 
time than 16 Men to do the ſame Work. Conſequently the 

N 2 greater 
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Then 16) 96 (=6 Days the Anſwer Required. 


„ — 
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greater the Third Term is, in reſpect to the Firſt, the leſſer will 


the Fourth Term be, in reſpect to the Second, 
Example 2. If 8 Men can do a piece of Work in 12 Days; 


how many Days will 16 Men require to do the ſame Work, 


Here it is plain the Fourth Term muſt be leſs than the Second, 
becauſe 16 Men undoubtedly can do the ſame Work in leſs 
Time than 8 Men can. ; 
From theſe Conſiderations, compared with thoſe in Page 85. Twil 
be eafie to perceive whether the Terms of any propoſed Queſtion are 
Direct or Reciprocal Proportion. x 
For when according to the true Meaning or Deſign of any Queſtion 
in Proportion. Moꝛze Requires Moze, or Leſs Requires Leſs, 


_ the Terms are in Direct Proportion, as in the laſt Section. 


But if Poze Require Leſs, or Leſg Require Poze (a above 
then the Terms will be in Reciprocal Proportion. | 

The manner of placing down the Propoſed Terms is the ſame 
in both Rules, viz. The Firſt Term in the Suppoſition muſt be of 
the ſame Kind and Denomination with the Third Term which 
moves the Queſtion; and the Term ſought muſt be of the ſame 


| Kind and Denomination with the Second Term in the Suppoſition, 


As in the two laſt Examples. ELD 
„„ Men Days Men Days 


Thus in Example 1. . 


Example 2. i: mit: 

The Queſtion being truly Stated, obſerve this Theorem. 
ns Multiply the firſt and ſecond Terms together, and 
Theorem Divide their Product by the Third Term, the Quotient 

will be ebe Anſwer Required. e 
Thus in the ſecond Example 12 X8=96. 


That is, 16 Men may do the ſame Work in 6 Days as 8 Men 
Men can do in 12 Dayͤs. 


Now the Reaſon of this Operation, (and conſequently of the 


Theorem) is grounded upon this Conſideration ; viz, If 8 Men 


Require 12 Days ro do the Work, tis plain that one Man 


would Require 8 times 12 Days=96 Days to do the ſame 


Work, but if one Man can do it in 96 Days, moſt certain 
16 Men can do it in one 16th part of that Time. There- 
fore 96 Divided by 16 will give the Anſwer Required. viz. 
16) 96 (6 As before, Oc. 5 
Queſt. 3. Suppoſe 800 Soldiers were Beſieged in a Town, 
and their Victuals were computed to ſerve them two Months 
or 36 Days) How many of thoſe Soldiers muſt depart 2 
Cariſon 
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93 
Gariſon, chat the ſame Victuals may ſerve the remaining Sol- 
diers 5 Months. e 
The Queſtion truly Stated, will ſtand 


Month Soldier Month Soldier. 
Thus J , . 800 :: 


2 


5) 1600 (320 So many Soldiers may ſtay in 
| the Garifon, | 
Conſequently, 800—320=480 Soldiers that muſt go out of 
the Gariſon, which is the Anſwer required. 


cc 


3 © vn 


Queſtion 4. A. Borrowed of his Friend B. 250 J. for Gx 
Months, promiſing to do him the like Kindneſs upon Demand: 
Some time after B defires A to lend bim 4oo 4. the Queſtion is, 


bow long B may keep the 400 J. to be fully ſatisfied for his for- 


mer Kindneſs to 4. 
OR Anſwer, 3 Months 21 Days. 
Thus, 250 J.: 6 Months :: 400 J.: — 
5 a 6 | | 4 
| 4oo) 1500 (3 Months 
12 


— — 


3 
28 Days in one Month 


| ' 4) 84 (21 Days 


Queſtion 5, If a Penny White Loaf ought to weigh Eight 
Ounces Troy Weight, when Wheat is fold for ſix Shillings Six- 
pence the Buſhel, what muſt it weigh when Wheat is fold for 
four Shillings the Buſhel. | 


Anſwer, 10 3 . 18 Pwe . 8 Gr. 
Thus 65. 6d.=58d. : 8 Oz. :: 4. = 48 d. To the Anſwer. 
48) 624 (13 3. the Anſwer required 


The Proof of this Inverſe Rule is eaſily deduced from its Ope- 
rations; vix. The Product of the Firſt and Second Terms, muſt 
be equal to the Product of the Third and Fourth Terms, 

1 e | PRs | Noxre. 


— 
ach 


. Par. 


1 Noe. i Any Queſtion that falls under this Irene Rule os Recs. 
procal Proportion, may be ſo Stated as to have its Terms in Direct 
Proportion; by only changing the Places of the Firſt and Third 


Terms in the Queſtion. Thus, 


Queſtion 6. If a Field will feed Eighteen Horſes for Seven 
Weeks, how long will it feed Forty Two Horles at the ſame 
Rare of Feeding *® nan wt 
Firſt, 18 Horſes : ) Weeks :: 42 Horſes + 3 Weeks. 
Here the Terms are tta:ed Inverſely, as before,  _ 
Otherwiſe thus, 42 Horſes : 7 Weeks :: 18 Horſes : 3 Weeks. 
Then 18 X7 = 126. And 126 242 =} Weeks. The Anjwer 


required. 


Sect. 3. Of Compound P2opozfion ; commonly called the 
| Double Rule of Thee: 


Compound Proportion (as tis here meant) is, when there are 


Five Numbers given to find out a Sixth Proportional; and this 
is generally perform d by a Double Poſition ; that is, by Stating 


and Working the Queſtion at two Operations, either in Direct 
or Reciprocal Proportion, according as the Queſtion requires. 
And therefore its called the Double Golden Rule; or Double 


| Rule of Three. 


The Double Rule Direct is, when the Sixth Term, or W 
ſought, is found by two Operations, both of them in Direct Pro- 
tion. 33 | 

Example 1. If a Hundred Pounds gain Six Pounds Intereſt 
in Twelve Months; how much will Three Hundred Pounds 


gain in Nine Months; at the fame rate. 


Firſt 100 J.: 61. :: 300 J.: 181. 
The Intereſt of 3000. 


ICO) 1800 (18 J for Twelve Months. 
Months Months 


Then, 12: 184.:5-9.:-194-105; 
a ( | 


3 


12) 162 (131. 10s. The Anſwer required. 


I ſuppoſe the Learner will eafily conceive the Reaſon of theſe 
rwo Operations, For, firſt it's plain by Direct Proportion, that it 
100 J. gain 61, in Twelve Months, 300 J. wilt gam 18 / in 
the ſame Time, and at the fame Rate. | * 

1 0 11 . 
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And by the ſame Rule tis plain, that if 12 Months will pro- 
| duce or give 18 L Intereſt for 3001. then 9 Months mult needs 
give 137 for the ſame Sum, viz 300 l. SPE 

The Double Rule of Three Inverſe is, when the Sixth Term or 
Number ſought is found at two Operations, (as before.) But one 
of them Requires an Anſwer in Reciprocal Proportion. | 


Queſtion 2. If 6 Bnſhels of Oats will ſerve 4 Horſes 8 Days, 
how many Days will 21 Buſhels ſerve 16 Horſes, at the ſame 
Rare of. Feeding? \ 

This Queſtion being parted into two Poſitions, the firſt will 
be thus: PR | „ 

If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days, how many 
Days will 21 Buthels ſerve them. | 


Here tis plain that 21 Buſhels will ſerve them longer than 6 
Buſhels ; therefore the firſt Poſition falls in Dire## Proportion. 


Thus 1 _ | _ Buſh. Days 


6 


6) 268 (28 Days. 


That is, af 6 Buſhels will ſerve J Horſes 8 Days, 21 Buſhels wil! 
ſerve them 28 Days. 


The next Poſition muſt be to find how long the ſaid 21 Buſhels 
will ſerve 16 Horles at the ſame Rate of Feeding: Tis plain 
that 21 Buſhels cannot ſerve 16 Horſes ſo many Days as they 
will ſerve 4 Horſes ; therefore this Second Poſitzon falls in Rei- 

procal Proportion. | 


Thas 1 Days Horſes Days 
i 4: 3.40 27.516 ©:75.;he: Kaner . 


After the like manner any Queſtion in the Double Rule of Three 
may be Anſwered by two Single Poſitzons, it Care be taken in 
. Stating them right, vix. Whether their Oper.*/\ns muſt be per- 
formed by the Single Nile Direct, or Inverſe. 

Bur all Queſtions in this Double Rule, where Five Numbers are 
Propoſed to find a Sixth, may more eaſily and readily be An- 
| {wered by one General Theorem ; which compriſeth both the Di- 
rect and Inverſe Rules : without conſidering either of them, being 
Deduced from the Single Operations before- going. 3 

Bur firſt you mult carefully Note, that in all Queſtions of 
this Nature Three of the Five Propoled Terms are always Con- 


ditional 


— 


2 
5 
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ditional and Suppoſed ; And that the other two moves the Que. 
ſtion. As for Inſtance in Example 1. 5 
Viz It 100 l. will gain 61. in 12 Months / Theſe three 
Terms are only ſuppoſed or Conditional. Then comes the Que. 
ſtion; What will 300 l. gain in 9 Months > Now, in order to 
raiſe the General Theorem, let us ſuppoſe, inſtead of the Number, 
theſe Letters. e | 
| _ © P=100, The Principal. 7 C In the Suppoſition 
Viz. Let 5 T= 12. Ihe Time. . - , ) of any Propoſed 
G= 6. The Gain. C Quetition. 
oo. The Principal. Fhe Three Term 
And, 5 t= 9. The Time. 8 wherein the Que- 
2=13,5 The Gain. ſtion lies. 
TL. o»... . 0 _ CThe Product of the two Mean 
Then P: G:: 7: 2 Divided by the firſt Extream. 


That is, 100: 6 1 2 300: 300N6_ Gene is the firſt 


7 part of the Que- 
tion. 


| „5 1 © Which is the ſe⸗ 
Then T: . 0 ; cond part of the 
F d 9 2. 33,5 Queſtion. | 


„ Spe T$ Thar is, the Product of the Extreams is 
Ergo 1 3 of 7 equal to that of the Means. 


Conſequently, TzP =Gpr. Is the Theorem. 


This Theorem affords two Rules by which all Queſtions in this 
Double Rule of Three, or rather of Five Numbers, may. be Re- 
tolved; due regard being had to the true placing down of the 
Propoſed Terms, which mult be thus. * 

Always place the Three Conditional Terms in this Order; Let 
that Number which is the Principal Cauſe of Gain, Loſg, or 
Action, Sc. (viz. P.) be put in the Firſt Place; That Number 
which denotes rhe Space of Time or Dilfance of Place, &. 
(viz. T) be put in the Second Place. And that Number which is 
the Gain, Loſs, or Adton, Sc. (viz. G.) be pur in the Third 
Place. Now according to theſe Directions the Conditional Term 
of the laſt Queſtion will ſtand thus; P. T. W. 3 

That done, place the other two Terms which move the Que“ 
ſtion, underneath thoſe of the ſame Name. 


PEO „T. 6. 
Thus * 
Then 


/ 


——— —0 
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Tben if the Blank or Tezm ſought, fall under the Third Place, 


% 


as in this Queltion. 


It vill bed . Which gives this Rule. 


Dividend; and the Two firſt together for a Di- 
viſor, the Quotient ariſing from them will be the 
Sixth Term. | 
That is, in our Propoſed Example r. 
Thus 6X300X9=16200 The Dividend. 
And 1ooX12=1200 The Diviſor. 
Then 1200) 16200 (135 The Anſwer. As before, 


| Bur if the Blank or Term ſought fall under the Firſt Place, 
| then 5 


| Moultiply the Three laſt Terms together for a 
Rule 1. 


„„ 
It will bed 
Or if the Blank fall under the Second Place. 


It will be 1 ND ns Either of theſe give this Rs. 


Multiply the firſt, ſecond and laſt Terms to- 


Rule 2 gether for a Dividend : And the other two together 


for a Diviſor ; the Quotient ariſing from them will 
be the Sixth Term. 


| And becauſe our Example 2. Falls under the Conſideration 
both of Direct and Reciprocal Proportion, let it be here propos d 
Again. | | . 

Viz. If 6 Buſhels of Oats will ſerve 4 Horſes 8 Days; 
How many Days will 21 Buſhels ſerve 16 Horſes, &c. 
It the Terms of this Queſtion be placed down as before di- 
| rected they will ſtand; 

Horſes Days Buſhels 

Thus 


"x > 4 Terms in the Suppoſition. 
16 5 


Here the Blank falls under the ſecond Place, therefore it muſt 
be found by the ſecond Rile. 


Thus 4X8X21=672 the Dividend. 
And 16X6=96 the Diviſor. 
Then 96) 672 ( the Anſwer as before. 
— O Lueſt, 


—— 2 — — — 
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ha. 


Qaueſt. 3. What Principal or Stock will Gain 20 l. in 8 Months 


at 6 per Cent. per Annum. p 
Prin, Time Gain | 4 
100. 12. 6 Terms in the Suppoſition. 
51 ; 


In this Queſtion the Blank falls under the firſt Place, there. 
fore it muſt be found by the ſecond Rule. | 

|; Thus 100X12X20=24000 the Dividend. 

4 And 8 6=48 the Diviſor. ID. 

| Then 48) 24000 (5c0l. the Anſwer required. 
[| The Proof of all. Queſtions in this double Rule of five Num. 
bers, is beſt perform'd by varying th. Ducſtzon ; viz. by ſtating 
it in another Order, as in the lait Example I hus. 


If 1001. Gain 6 l. in 12 Months, what will 5 J Gain in 8 
Months. 


The Anſwer to this Queſtion muſt be 201. if the Work of 
the laſt Example be true. 


| Prin. Time Gain 
_ Stated thus 1 100. 12 . 6 7 then per Rule 1. 
| N you por A 
 $00X8BX6=24000., And 100Xi12=1200 
| Then 1200) 24000 (20. the Anſwer, &c. 


Oueſt. 4. If 2 Men can do 12 Rods of Ditching in 6 Days, 
How many Rods way be done by 8 Men in 24 Days, at the {ame 
Rare of working, | YE | 

Anſw. 192 Rods. 


Lueſt. 3. If the Carriage of 5 C. 3 qr. weight, 150 Miles; 
colt 34,75, 4d. What muſt be paid for the Carriage of 7 C. 
2 Jr. 25 B. weight, 64 Miles; at the {fame Rate. 
e Anſw. 11. 18 5. 71 d. 
Duet. 6. If 8 Men deſerve 2 J. wages for 5 days work, How 
much will 32 Men deſerve for 24 days; at the ſame Rate. 
| Anſw 38 1, 8 5. 
Lueſt. 7. Suppoſe a Hundred Pounds would defray the Expen- 
ces of five Men for twenty two Weeks and fix Days. How low 
would twelve Men be in ſpending of one Hundred and fift) 
Pounds, and at the fame Rate. 


Anſo. 14 Weeks and 2 Days. 
CHAP. 


by 


an > od ene. "SY". 
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SD CIR CHAT RH 77: 


Of Trading in Company ; uſually called che Rule of Fellowſhip ; 
Alſo artering, and Exchanging of Coins, &c. 


T HE Rule of Fellowſhip is that by which the Accompts of 
ſeveral Partners Trading in a Company, are fo adjuſted 
or made up, that every Partner may have his juſt part of the 
Gain, or ſuſtain his juſt part of the L; according to his pro- 
portion or ſhare of Money he hath in the Joynt-Srock : Now 
this falls under two Conſiderations, called the ſingle and double 


Rules of Fellomſbip. | 
Self. 1. The Single Rule of Fellowſhip ; viz. Thar 


without Time. 


4 
1 
1 
3 
$7 
o 
5 
. 
| 
: 


By the Single Rule of Fellowſhip is adjuſted the Accomprs of 
thole Partners that put all their ſeveral and perhaps different 
Sums of Money, into a common Stock ar one and the ſame 
time; and therefore it's uſually called rhe Rule of Fellowſhip 
without Time: Now all Queſtions of this Narure are Anſwered | 
by ſo many ſeveral Operations in the Rule of Three direct, as 1 
there are Partners in the Stock. ; FE 1 

For; As the Total Sum of Money in the Stock i in Proportion to 
* the whole Gain or Loſs ; So us every Man's particular part of that 
 & Stock; To by particular ſhare of that Gain, or Loſs, | 
KF -2uef. 1. There are three Partners, Suppoſe 4, B, and C, 

make a Joint-Stock of 96 J. in this manner. ; 
4, puts in 24 J. B, puts in 32/. and C, puts in 40 J. with 
wis 96 /. they Trade and Gain 121. Tis required to find each 
„ Man's true Part of that Gain. . 
The firſt Operation for A's Part of the Gain will ſtand, 

Thus 961: 1211: 241: 31. = 4s Gai. 
Secondly 561: 121 :; 321: 41. = B's Part of the Gain, 

Again 961: 121: : 4ol: 51 =C's Parr of the Gain, 

Proof 3 {+4 /+5 {=121 the whole Gain. 
| That u, if the Sum of each Man's particular Gain, amount to the 
e Gain, the Wark is true; if not, ſome Error u committed which 
f be found out. 

| Note, Theſe Operations will be very much abbreviared, if 
you work them by Theorem 2. Page 87. For here 96 is a com- f 
mon Antecedent, and 12 is the common Conſequent in all the | 


three Proportions. | 


„ 
1 
— fo 
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Therefore 96 :12:: 1: 0, 125 is a common Multiplicator, 
Then 24 X0,125 =31. for As Part 


And 32 X0,125 = 47. for B's Part As Des, ; 
Again 40 & 0,125=5 1. for C's Part 


| Now this Method is more readily perform'd than the Other, 
eſpecially when the Partners are many ; becauſe one Single 
Diviſion ſer ves for all the Work. 


Deſt. 2. Three Merchants, A, B. and c Fraught a Ship 
with 248 Tun of Nine: thus, A Loaded 98 Tun, B 86 Tun, 
and C 64 Tm. By Extremity of Weather the Seamen were 
forc'd to caſt or throw 93 Tux of it oyer-board, How much of 
this Loſs muſt each Merchant ſuſtain. 28 


Firſt 248 : 93 : : I © 0,375 the common Multiplier. 
Then 98 X 0.375 = 36,75 for A's Loſs. e 
And 86 K 0,375 = 32,25 for B's Loſs. 

| Again 64 $0,375 = 24, for C's Loſs. . 

Proof. 93,90 = the whole Los. 


| Now if the Queſtion were to find how much of the Remai- 
ning Wine that was ſaved, belongs to A, to B, 1 to C. 


Then 98—36,7 5=61,25 belongs to A. 
Andi 86—32,25=53,75 belongs to B. 
And 64—24, —=4o belongs to C. 


That is, A ought to have 61 Iun and 63 Gallons. B ought 
to have 53 Tun and 189 Gallons. And C Wal to have 40 ad 
of what was Lefr, | 


Oueſt, 3. Suppoſe ſix Men, viz. A, B, c, D, * and F make 
4 Jones anc of 2558 |, 3 | 
I. Decimala. 
A puts in 654 654. 
13 543 | is = 543175 : 
| — 480. 00 = 480, 
ne = 445 
E 365 05 = 365,25 
F —— 260 . 00 = 260, : 
The whole'Stock 2558 , 00 =2558,00 according to the 
Lueſtion. RE . 1 
| With 
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With this Stock of 2558 /. they Trade Eighteen Months, and 
Gain 831 J. 75. Tis required to find every Man's Part or 
Share of that Gain. | 


,' 


Note, Altho' the time of Trading, viz. Eighteen Months be men. 


tioned in the Quettion ; yet it s no way concern d in anſwering of it; 
a you may obſerve by the following N : | 
Firſt, 2558 J.: 831,35 . :: 1 I. : 0,325 Decimal Parts. 
_ Conſequently, 1 J.: 0,325 :: 654,5: 212,125. Thar is, 
s Stock 634,5 0,325 2822127125 for 4. 
B's Stock 543,75 X 0,325 2817671875 for B. 
C's Stock 480, X0,325=156,000 for C. 
D's Stock 2545 X0,325= 827125 for D. 
E's Stock 365,25 X0,325=118,70625 for E. 
Fs Stock 260, X0,325= 84.5 ſor F. 
Fs e - 
A Gains 212,7125 212. 14. 03 
os B— VENT OY PO -. 14 - og$ 
. 4 156,0000 = * 00 ..00-: : 
Thar ” 9. n = 32 . 
£79 E——— 118,70625=118 . 14. 001 
F= — 345 = 84. 10 . oo 
A Sum 83133 22831 n oO the Gain. 


[ have omitred reſolving this Queſtion according to the uſual 
Method (as before directed) of finding every Man's particular 
part of the Gain by the Golden Rule, as in the firſt Work of Ex- 
ample 1. Leaving that for the Learner's Practice. | 


Seck. 2. The Double Rule of Fellowſhip ; or that 


with Time. 


This is uſually called the Double Rule of Fellowſhip, becoule 


every particular Man's Money is to be conſidered with relation 
to the time of its Continuance in the Joint- Stock. 


Lueſtion 1. A. and B. join in Partnerſhip upon theſe Terms, 
viz, A. agrees to lay down 100 l. and to imploy it in Trade 3 
Months: Then B. is to lay down his 100 J. and with the whole 
Stock of 200 l. they are to Trade 3 Months more. Now at the 
end of that time, they find their whole Gain to be 211, Tis 
required to know what each Man's part of the Gain ought to 
be, according to his Stock, and the time of imploying it. 

3 | 5 D þ Here 
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Here it is bur reaſonable to conclude, that A. ought to Gain 
more than B. notwirhitanding their Stocks of Money are equal ; 
becauſe A. imploy d his Money a longer Time than B. 

Now for Solving of this Queſtion, Let us ſuppoſe A's 100 J 
imployed the firſt 3 Months ro Gain X S a Sum as yer unknown; 
then ir muſt Gain 2, in 6 Months; and to find what B. muſt 
Gain it will be, g 

J. Months | | 
100 6 22 248 N 2 | 
100 3 + To Bs Gam3 per Rule 1. Page 97. 
| ION XET N 
E va — Ag » 
| Sf IOO X Non 
But A's Gain added to B's Gain muſt = 21 J. the whole Gain 
by the Queſtion. | 
TOO NIX ZX 
Therefore 2 + e 
Thar is, 100 X6 XN +100 X 3 X2X=21KX1CO NG. 
Which contracted is, 900 2 = 21 X co. s 


Conſequently, 2 =D which- gives "this following 


Analogy. 


Viz. o: 21: : 600: 2N 2 14. for A's Gain. 
And gco : 21 :: 100 & 3 2 300: 71. for B's Gain. 


Now this way of Arguing hath not only reſolved the preſent 
Queſtion; but it allo affords (and Demonſtrates) a General Rule 
for reſolving all Queſtions of this Nature, be the Partners never 
ſo many. 


. Multiply every particular Man's Stock, with the Time it 

j employed ; then it will be, As the Sum of all thoſe 

Rule. Products; Is to the whale Gain (or Loſs.) So i every 
one of thoſe Products; To its proportional part of that 

© whole Gain (or Loſs). | 
DBueſtion 2. Three Merchants A. B. and C. enter into Partner- 
| thip thus; A. puts into the Stock 65 J. for 8 Months; B. puts in 
78 J. for 12 Months; and C puts in 84 J. for 6 Months, With 
theſe they Traffick, and Gain 166 J. 125. Tis required to find 
each Man's Share of the Gain, proportionable to his Stock and 
time of employing it. | | N 


1. 45 


a, i 
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1. 4's Stock 651. x 8 Months, the time it was imployed = 520 
2. Bs Stock 78 J. X 12 Months, the time it was imployed = 936 
3. C's Stock 84 x 6 Months, the time it was imployed = 504, 

| | The Sum of thoſe Produtts is, 1960 


Then, according to the Rule, the ſeveral Proportions will 
ſtand thus, | 


1960 : 166,6 :: 520 : 44,2 l. 4s. 0d. for A. 
1960 : 166,6 22 936 : 70,50 =707. 11 5.. 21d for B. 
1960 : 166,6 : : 504 : 42.84 =421. 16s, 91d. for C. 

The whole Gain =166 J. 125. od, 


Or you may Work as in ſome of the former Examples, viz. 
by finding the proportional part of the Gain due ro one Pound, 


* 


c. | 
Thus 1960: 166,6 :: 1: 0,085 the common Multiplier, 
Then 520 X0085 44,2 for A. 


And 936 X0.085 =79,356 for B. > &c. As before. 
Allo 504 X 0,085 = 42,84 for C. | 


EET I ———— ROS 


Queſtion 3. Six Merchants, viz. A. B. C. D. E. and FE. enter in- 
to Partnerſhip, and compoſe a Joint -· Stock in this manner; 
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3 5. 5 10 
| 9 
A puts in 64. 10 1 1 
2 $$ 100. 000 c 83 
A 74. for Months. 
© 8. — 14: 97 
I n 7 


Iime it was imployed. | | 
* The ſeveral Stocks of Money, and their reſpective times be- 
ing firſt brought into Decimals, and then Multiplied together 
will produce theſe following Products. 
c J. Months 
| A's Stock 64,5 X4,5 the time it was implied = 290,5 
| B's Stock 78,75 X6, whe time it was imployed = 472,5 
| C's Stock 100, X8,25 the time it was imployed = 825,0 
Ds Stock 80,5 X12, the time it was imployed = 966.0 
Es Stock 746 X 9,5 the time it was impleyed = 708, 
Fs Stock 125,75 X7, the time it was imployed = 880.2 


The Sym of thoſe Products = 4142,7 
| Then 


© ——— 
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Tben if you Work by the common Way; it will be 
41427 : 258,91875 :: 290,25 © 18,140625 =18 J. 25, 94d. 
for A's part of the Gain; And fo on for the reſt. | 
But if you Work by the cafieſt way, viz. by finding the pro- 
portional part of the Gain due to one Pound, 8 
Thus 4142,7 : 258,91875 : 1: 0,0625 
1 - 5. d. | 
Then 290,25 & 0,0625 = 18,140625 =18. 2 . 94 for 4 
And 472,5 X 0,0625 = 29,53125 =29 « 10 71 for B 
„ 813, N i inen ier r for Cc 
966, c 0,0623 == 60,375 50 7 6 xD 
708, X0,0625 =44,29375 44. 5 . 10 for E 
| 830,25 K 0,0625 = 55,015625 = 55 + © 32 for F. 
The whole Gain =258 18 4 © 
Theſe few Examples being well underſtood, are (I prefiime) 
ſufficient to fhew the whole Buſineſs of Fellowſhip, c. 


Sect. 3. 0 Bartering. 


When Merchants, or Tradeſmen, exchange one Commodity 
for another, its called Bartering; and the only difficulty in this 
way of Dealing, lies in the due proportioning the Commodities 
to be exchanged; So, as that neither Party {ufiain Loſs. 

Lueſtion 1. Two Merchants, A. and B. Barter; A. would ex- 
change 5 C. 3 grs. 14 . of Pepper, M hich is worth 3 J. 10 per C. 
with B. for Cotton, worth 10 d. per TH. weight. How much Cor. 
ton muſt B. give to A. for his Pepper. 


Note, In order to the Reſolving of this Queſtion, (and all other 
Queſtions of this Nature) you muſt firſt ſind, by the Rule of 
Three, (or otherwiſe) the true value of that Commodity whoſe quan- 
tity n given; (which in this Queſtion is Pepper.) And then find 
how much of the other Commodity will amount to that Sum, at the 
Rate propoſed. 11 
| Firſt C. zr. 14 I i 
And 31. ze 84 1 in Decimal. | 

Then 1 : 3,5 :: 5,875 © 20,5625 20 l. 115. 3 d. the true 
value of the Pepper. LEES 3 

Next, it's eaſie to conceive, that A. oughr to have as much 
Cotton at 10 d. per Ib, as will amount to 20 J. 115. 3 d. which 
may be thus found; | 


10 d.: 1 1b. :: 20k 11 6. 3 d. = 4235 d.: 493,5 Ib. 
F That 
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That is, 4 C: 1 gr. 174 Ib. of Cotton. And ſo much B muſt give 
to A. in exchange for; his 5 C. 3 qrs. 14 HB. of Pepper. 
Queſtion 2. Two Merchants A. and B. Batter thus, A. hath 
36 Tards of Broad Cloth worth 94. 2 d. per Tard, ready Money; 
but in Barter he will have 11 5s. per Jurd. B hath Shailoon worth 
25. 1d. per N Money; Tis required to find how many 
Yards of the Shallbon B. muſt give to A. for his Cloth, ro make 
his Gain in the Barter equal to that of As. — — 
The Method of reſolving this, and the like Queſtions differs a 
little from the laſt Caſe; for in this you mult firſt find what 
Advance B. ought to make per Tard upon his Shalloon, in propor- 
tion to what A. hath done upon a Tard of his Cloth. e 
„ e ee WER 
Thus 15 2=110.: 11 132 :: 2. 125: 2. 6=30 
the advanced Price for a Tard of Bs Shalloon. Then proceed as 
before in the laſt Example. Sd e i 
Thus 1 Yard : 11 :: 86 Tard: 946 5.47 J. 65. the ad- 
vanced value of all the Cloth. %P 5 | 
Next, If 25. 6 d. will buy one Tard of Shalloon at its ad- 
vanced Price, how many Tards will 47 J. 6 s. buy. 
Thus 25: 1:5 946: 378,4 Tards.. 
Thar is, B. muſt give 3785 Yards of his Shalloon to A. for his 
86 Tards of Broad Cloth ©. COOGEE 
Theſe two Examples are ſufficient ro ſhew the Laarner, that 
the Method of Bartering, or exchanging Commodities for Commo- 
dities, wholly depends upon a clear Underitanding of the Golden 
Rule, which indeed is fo called, becauſe of jis Timiverſal Ule. 


Sect. 4. Of Exchanging Coins. 


Exchanging the Coins of one Country for choſe of another is 
like the buſineſs of Bartering Commodities. That is, it conſiſts 
in finding what Sum of one Country Coin will be equal in va- 
lue to any propoſed Sum of another Country Coin. And in order 
to perform that, it will be very Necetlary to have a true 
Account at all rimes of the juſt values of thoſe Foreign Coins 
which are to be Exchanged, as they are compared in value 
with our Engliſh Coin. | | 

1 fay, ar all times, becauſe the Par of Exchange (as the Mer-- 
chants call it) differs almoit every Day from Londen to other 
Countries. That is, it riſes and falls, according as Money is Plen- 
ty or Scarce ; or according to. the time allowed for payment of 
the Money in Exchange, &c. | 
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"Thoſe that defire to be fully füße in the comm va 
| Toes of Foreign Coins, Weights, Meaſures, &c, may find them 

4 Book called the Merchants Map of Commerce, which for 
bad ſake 1 have: omitted Tranſeribing; and OY coleed 
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|,, Enalih Coin, 


"French Coin, NS; A 5 — 
| 12 Nemier erz I Soul; = 
20 Soul; =I Livre = 
3 Livres=1 Crown 
Low⸗ County Coin, A Sther= 
ö Stivers = Flemiſh Shilling = 
20 Stiers=1 Gilder = 

10 1 1 Shillings, 
or a Flemiſh Pound 4 
2 Embden Doller — 
Campen Doller — 
Fealand Do ler — 
\y Lyons Doller = 
" Spectre Doller = 
Duccatoon —= 


CA Rix put of the Empire = 
Cermany f. A Gilder of e ahh — 

g of - The Livre at Leber n 1 
* in Florence Crown Courrant — 
2 * Venice Ducat de Binco — 


r The Currant Ducat -—= 


Wi 


oy 
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In Italy I The Naple Pucat =| 
Z \ The Cadiz Ducat — 
Spain. is Rs | The Barcelona Ducat — 
1 The Valentia Ducat = 
Pra | The Bergonia Ducat = 


| . The Portugal Teſtoon S 
4 The Piece o. Eight = = 
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Note, The Engliſh generally reckon their Exchange wit 
other Countries by Pence, viz. other Countries value their Crowns, 


Dollers. or Ducats, &c. by Engliſh Pence. 


Except with ſome 


parts of the Low- Countries, with whom the ckung is n. 


Pounds Ste ling. 


Lueſt. 1. How many Dolers at 47 6 d. per Dolier, may one 
have for 162 J. 185. _— 724 Noe 
us 


Chap, 3.  Rine of Fa dw; Sc. 10 1 
Thus 162“. 18s. =3258 5. 46 6 s At 18 
Queſt. 2. How many 7 Ducats of 5 4. 6 d. fs ths 18 

may be had tor 275 Bergonia Dugats, at 4. 4d. the Piece. us 

Anſwer 216 and 35. 8.4. over 9 
Thus 55. 6 d ss d. and 4. 4d 32 d. 1 
Then 275 X52=14300 d.=275 Ducats. {438 
Conſequently 66) 14300 (2164 the Anſwer requir'd. 38 
Dueſt. 3. A Traveller would change 2331. 165. 8 d. Sterling {28 
Money for Venice Ducats ar 4 5. 954 en How wany . + 
Ducats malt he have. 4 
| Aer 976 Ducati. +38 
Thus 43. 91 d 57,5 d ad 2331 165. 8 d =561204. bt 
Then 57,5 d.) 56120d. (976 the Anſwer required. 1 
Queſt. 4. A Caſhier hath Received 759 Ducats, at 7 4. 6 d. per | 1 
Ducat; 3 And 579 Dollers at 44. 8 d. per Doller: Which he would "0 
| Exchange for Flemufſo Marks at 145. 3 4. per Piece. How ma- 7438 
ny ought he to bave. l 1 
Anſw. 589 Marks, and 15 d. over, 1 
For 74. 6 d. o d. and 45. 8 d. 56d. | 1 
Then 759 X 90 = 683 10 d. the ke of the an M 
X 579 X56 = 32424 d. the value of the Dollers. 448 
their Sum. 2100734 d. | 'q hb 
And 145. 3d=171d. the Flemiſh Mar in Pence, = il 
Conſequently 17 1) 100734 (589 Sc. the Anſwer required. | 1 
Queſt. 5. A Bill of Exchange was accepted at London for the 1 

{ payment of 400 l. Sterling, tor rhe like. value dehvered in Am- 0 

| Rerdam, at 1.7, 135. 6d. for 11. Sterling. How much Money 5 

| was delivered at Amſterdam. ll 

Anf. Soy Flemiſh, 1 0 
For I 1.=240 d. and 1 * 132 Colon ==402 d | | 4 
Then 240 : 402: : 400: 6750 The Aer required, 0 


Lueſt. 6. When the Exchame from Antwerp to London is at 
Il. 45. 7 d. Flemiſh, for 1 J. Sterling: How many Pounds Ster. 
ling muſt be paid at London; to ballance 2364 Flemiſh at Aut- 
perp. Anſw. 192, |. Sterling, 

Thus 14 45. 7d.=295 d. and 1 1.=240 d. 

Then 295 5 240 :: 236 : 192. The eee. 
c - et 
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Out. = A aka" delivered at 120 L Ferrer to 
Rexive 147 J. Flemiſh in Amſterdam. How much was 1 J. fer. 
* valued at, in une 3 


Ayſo. 1 J. 47. 6 d. 

Tü + 120 147: 1024 294 4=11. 4s. 6d. &c. 
Duet. 8. A Faftor hath fold Goods at Cadiz for 1468 pieces 
of Eight; valued at 4s. 63d. Sterling per piece. How much 


Ster Wing Money do thoſe paces of Eight amount to. 


Anſw. 333 J. 7's. 2d, 
"Thus, if 183455 4 then 1468 X54,532380006 d. &Cc. 
Queſt 9, A Traveller would have an equal Number of Crown; 


at 55. 6 d. per Crown; And Dollers at 4s. 5 d. per Piece; Hoy 


many of Each ſort ey he have for 309 J. 8 5. 
Anſm, wo of each, 
- This 309 J. 8 7874256 d 
+ ip 5 J. l 5d=119d. 
key Then 119) 74256 (624. the Anſwer required, 


Quest. 10, Suppoſe I would Exchange 527 J. 17 s. 6 d. for 
Dollers at 4 s. 6 d. a piece, Ducats at 55. 8 d. a piece, and 
Crowns at 65. 1 d. a piece. And would have 2 Dollers for 
1 Ducat, and 3 Dollers for 2 Crowns. How many of each fort 
mutt I have. : 

Anſw. 927 Dellrs, 4633 Ducats, and 618 Crowns. 


7 54 d. = 1 Doller. 7 
For 4 684d, =1 Dee pr Nin. 


73d = 1 Crown. 
And 125690 = 537 L 17 5 6d. 
Now if the Crowns, Dollers, and Ducats were to be equal in 


Number ; Then 13+544+68 muſt have been the Diviſor, by 


which 126690 muſt have been Divided, and the Dwotient 
would have been the Anſwer to the aft. As in the lat 
Example. 

Bur here inſtead of their Sum, ſuch parts of dem muſt bs ta- 
ken as are aſſigned or limited by 5 n ; 94s ſo the Nun: 
ber of ſome one gf them may be found 


And becauſe there muſt be i 0 Dollers for 1 Duca, and 


3 Dollers for 2 Crowns, 


1 it will be but i a de o one dale, at] 2 
of a 0 YOW/G tor one Voller. OPER | 
| | F | Con- 


+ 


Conſequently, 54 +1 ; + 2 of 73 = 1265 Or 4 will be 
the Bivie to the Number of Doilers. x 53 
Thus *2*) 1 26690 (927 the Number of Dol. 
Then 2 of 927 = 46375, is the Number of Ducats. 
And 2 of 927 =618 is the Number of Cromnt. 


Or if you pleaſe you may form Dividers to find either rhe Du 
cats or Crowns firſt : For if it be 2 Dollers for 1 Dugat, and 3 
Dolers for 2 Crowns, as before; 


Then will 6 Dollers be for 2 Ducats, my '6 _ for 4 
| Crowns, a 


Therefore, 1 Labs Dlr 7 will be for 1 ch 


8 Conſequ ently, 3 of 54: +} of 68: +73 =205 will be we 
| Dogs to find rhe Crowns firſt, WM 


Queſt. 11. A Caſhier is to Receive 500 J. He is offered 


4 12 d. per Crown, which are worth bur 6's. Or he 


may have Dollers at 45. 5 d. the piece, which are worth but 4 5. 
4d. Which of theſe ſhall he receive to have the leaſt Loſs? 
And how much will he loſe in the Payment ? 


N I 1 : e 2 = 7 according to the true Valar. 


| t Crown 73, 5 d. 
e 1. the adyancod Values 


' Now to find which will be the leaſt Loſs ; find whay 3 


vanced Value of a Doller ought. ta be in proportion to that of 
Crown. 

Thus 72: 73,1: : 52: 33, &c. But he may have Dollers 
at 53 d. per piece, therefore the Payment in Dol lers wil be the 
leaſt Lots. ; vig. 53 is leſs than 53 22. &c. | 

Next, to find what the whole Loſs will be, Divide Food 
= 500 J. by 52. and by 53. The difference of their e 
will be the Loſs. 

Thus 52) 120000 ( 23077? And 53 ) 120000 0 2264 


Then 23077% —2264z3 43873 Dollers at 4% 4d. are the 
Loſs ; 5 Viz 91. $5; 10324 d 


Tbere are other ways f Anſwer the laſh bur thi 
ian to be the cake, 4 | rh * Ste 


| AQ as Suppoſe 1 Exchange 4 105. 10 d. for 11 Crowns, 
— 95 Dt Au a another time 1 have 4 Crowns and 3 
a Se 1 2 : | Dollers 
| 
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| Dollers for 14. 15 s, each being of the a8 Valve with the 
firſt. What is the Value of a Crown, and of a Doller | 
_ Firſt 11 Crowns + 7 Dollers = 1090 A. 3 
Second 4 Crowns + 3 Dollers = 420 7.8 by the Quell in 
Then in order to find the Value of 1 Crown, you mult caſt off 
the Dollers by making them of the ſame Number; Thus, | 
33 Crowns + 21 Dollers = 3270 d. the firſt Multipl. with 3, 
28 Crowns + 21 Dollers = 2940 d. the ſecond Mul. with 5. 
Then 5 Crowns = 330 d. being their Difference. 
Conſequently 5) 330 (66 = 5 5. 6 d. is the Value of 1 Crony. 
And 4 Crowns = 264 d. | 
Then will 3 Dollers = 420d. — 264d. = 156d. . 
Conſequently 3) 156 (52 d. 45. 4 d. the Value of 1 Dolle 
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CHAP. IX. 
_ Of Alligation. 


WW Hen it is required to mix ſeveral ſorts of Ingredients toge- 

ther; As different ſorts of Corn, Nines, Moll, Spices, or 
Metals ; or to compoſe Medicines, &c. the Method of propor- 
rioning ſuch Mixtures, is called the Rule of Alligation. And is Dixi. 
ded into two Parts or Branches; called Medial and Alternate. 


Seck. 1. Of Alligation Medial. 


Alligation Medial, is that by, which the Mean Rate or Price of 
any Mixture is found, when the particular Quantities of the 
Mixtures and their Rates are given ; And is thus perform d. 
Firſt find the Sun of all- the Quantities propoſed to be mixd; 
And alſo the Sum of all their particular Rates. 


Then the Proportion will be. 


all their Rates : : So is any part of the Mixture: 
Jo the Mean Rate or Price of that part. 


1 75 the Sum of all the Duantities : Ts to the Sum of 
ule. .. 


| Lueſt. 1. Suppoſe 15 Buſhels of Wheat at 5 4. the Buſhel, and 
12 Buſhels..of Ne at 35s, 6 d. the Buſhel, were n 
8 | : W at 
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Whar i is the Mean Rate or Price, it may be fold for a Buſhel, 
without Loſs or Gain. 


This Qusſt ion prepared as Directed low will ſtand, 


Thus v1 15 Buſhels of Vheat at 5 s. per Buſhel, comes to go 1 


L 12 Buſhels of Rye at 3s. 6 d. each, comes to 0 504 d. 


"27 = their Sum. And their Total Value : = 1404. 1404 4. 


Then 27 Buſhels : 1404 d.: ee 52 e 4d. the 


Anſwer required. 
eſt. 2. A Grocer Mixeth 36 tb. of Tobacco, worth 1 s. 6 d. 


2 Pound, with 12 iþ. of another ſort at 2 s. a ib. And 12 it. of 


2 third fort at Is. 10d, che Pound. How may he fell the Mix- 
ture per 3 5 ? 


d. 
3 | 648d... 
Fit 12. at 2 per tb. Amounts to J 288 d. 
a . 264 d. 
| 60 =the Number of it's. their Value = 1200 d. 


Then 60 Ib.: 1200 4. :: 1tb. : 204. = 15. 8d. the An- 
wer required. 


Queſt. 3. A Vi ntner Mixerh 312 Gallons of Malaga Sack, worth 
55. 6 d. the Gallon ; with 18 Gallons of Canary at 6s. g d. the 


Gallon z 134 Gallons of Sherry ar 5 5. the Gallon ; And 27 Gal- 
ln, of White Nine at 4. 3 d. the Gallon. "Tis required co find 
what one Gallon of this Mixture is worth. 


313 at 7. 6 | 97255 
; EF . | 
Firſt, f 31 = "hs 5, per Gallen comes to ) 1 WC: 
C27 at4.3 . 


90 S the N of Gal. Their Value = 6480 
Then 90: 6480: 
one Gallon, as was required. 


The Proof of all Operations in theſe fort of Mixtuwis, is done 
by comparing the Value of all the Mixture, being fold at the 
Mean Rate ; with the Total Value of all the particular Quan- 
tities, ſuppoſing they had been (old ar their reſpectiye Rates un- 
mix d; tho e Sams are equal the Work is true. 
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. Of ben Mts, 
Alligation Alternate, is that by which the particular Quantities 

of every ligtedient concern'd in any Mixture are found; when 
the particular , Rates of every one of thoſe Ingredients, and the 
Mean Rate are given ; being. (as it were) the Converſe to A. 
gation Medial ; as will appear by the following Operations, which 
admins of -three Caſes. pigs OW FS IE 

- Caſe I. The Particular Rates of any Ingredienrs propoſed to 
be mixed, and the Mean Rate of the whole Mixture being given. 
Io find how much of each Ingredient is requiſite ro compoſe 

the Mixtwe ;/ when the whole quantity, or any part thereof is 
_— WE a nt 

Nut. 1. How much Yheat at 5 5. the Buſhel, and Rye at 
35. 6d. the Byſhel, will compole a Mzxture that may be Sold 
tor 4 5s. 4 d. the Buſkel ? 5 At 

Note, In all Queitions of thx Nature, it will be convenient to 

place the Mean Rate fo, as that it may be eaſily compared with the 
Particular Rates, in order to find every one of their Differences 
from the Mean Rate, by Mfpettion ond. 
| h 23 4&0 
Then take the ſeveral Differences between the Mean Rate, and the 
particular Rates ; Setting down thoſe Differences Alternately, and 


Thus, the Mean Rate = 52 


they will be the quantities required. of 
1 "WING 60 Th 109=52 —42 
Thus 52 3 32 8 60 — 52 No 
Thar is 32 —42 = 10 for the quantity of Heat. 
And :.60—52= 8 for the quantiry of Rye, that will 
compole the Mixture required. | 
©, The Proof by Aligation Medial. 
Aa $- 10 Buſhels of Vheat at 6o d. per Buſhel = 600 d. 
Add is Buſhels of Re at 42 d. per Buſbel = 336 d. 
18 _ The Nunter of Buſhes = 936 d. 
Then 18 : 936 :: 1: 52d. = 45. 4 d. the Mean Rate. 


Note, Althe' 10 and 8 do Anſwer the Queſtion, as plainly ap- 
pears by the Prof; yet they are not the only two 7 5; 
for this Queſtion, and all others of this kind, will admit of va - 
rious Anfwers, and all in whole Ninnbers; for any two Numbers 
that ace in the ſame Proportion to one another, as 10 is to 8, 
will as truly Auſwer the Queſtion. 

1 3 | Viz. 
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„ 5:4 
Viz. 10:84 . 05 &c. ad infinitum. 
| 252-20" # 8 55 


Deſt. 2. A Grocer would mix three ſorts of Tobacco to- 

ether, ix. One ſort of 18 d. per Ib. another Sore of 22 d. per 
5 and a third Sort of 25s. the 1b. How much of each Sort 
muſt he take, that rhe whole Mixture may be fold for 20 U. 
the Pound. 


Having ſer down the given Rates, as before: Then find each 
of their Differences from the propoſed Mean Rute; And place 
thoſe Differences Alternately. Thus, | 


180 CaÞ+Þ2= 24—20 and 222 1 
Mean Rate 20 K 22 2 22 20—18 | - 


Theſe Differences, viz. 6 . 2 . 2 are the Quantities R- 


6 Ib. of Tobacco at 18 d. per 1b. comes to 108 
Proof < 2 15. at 22 d. the Pound comes to 44 d. 
6 2 1b, at 24 4. the Poumd cones to av) 
1o=the Number of Is. Their value=200 9. 
Then 10) 200 (20 the Mean Rate, 
Or indeed any three Numbers that have the ſame Ratio to one 
another as 6. & 2 have, will Anſwer the Queſtion, | 


| 07S. 
That is 6: 2 : 12: 4 > Ge. 


” 


Bur if only one of the three given Rates had been greater 
than the Mean Rate ; As ſuppoſe 14 d. per 15. 18 d. per 5. 00 
24 d. per B. And the Mean Rate 20 d. as before. Then theic 
differences muſt have been placed, „5 | 


| E „„ 2, W ow FT. 
Thus 20/4 18 $5 d Oc. leere 
. | a 24 : - 6Þ+2 , bs 


Deſt. 3. A Vintner would make a Mixture, of Malaga worth 
75. 6d per Gallon, with Canary at 6 5, er Gallon, Sherry at 


7 


4 per Gallon, v yp 5 
5 5. per Gallon, and White Wine at 4 4. 3 d. per Gallun; What 
uancity of each ſort mult he take, that the Mixture may be 
„„ / OE 
; 13S 1 bd. 00-2 . . ; . « - - Fa - | | IL AER, | 
In all Dueſz;ons of this, kind, wherein it is required, to mix 
Four thin; / b-3 il * N 15 4 N thi in#, 4% hh 4 * { Ls T9 OV TI S277 
things rogether, 1%8 of them. haying their prices Greater, 


wth Ls ; . «ai 


1 * *, — 


wy, 
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and Two Leſſer than the Mean Rate; you muſt always Alligate 
or Compare a Greater and Leſſer Price with the Mean Price, ſet. 
ting down : their Differences Alternately, as in the Firſt Example 
of this Sect. GR | 


| +2. Ane 
| Se” hite 51 d. 18 290—72 
. Thus, Mean Rave = 7 8 Sherry 60 d. 9=81—71 
3 | Cana 814.5 L 12=72—6 
Hence 2 1 Gallons of Malaga, 12 of Canary, 9 of Sherry, and 12 
of White will compole the Mixture required. 
ns Malaga yo d. 7 1 1 2 Malaga 
. Sherry 60d. $ LL 16 Sherry 
Or thus 72 Canary 81 d. $9 Canary 
White 5 I d. UO White 
Either of theſe Mixtures equally Anſwer the Queſtion, which 
may be eaſily try d as before in the Loſt, Ge. 


will, Se. 


Caſe II. The Particular Rates of all the Ingredients propoſed 

to be mix d, the Mean Rate of the whole Mixture, and any 
one of the quantities to be mix d being given. Thence to find 
how much of every one of the other Ingredients is requiſite to 


2 


compoſe tie Mixture. 
Ware, This is uſually called Alligation Partial. 
Deſt. 4. How much Meat at 5 s. the Buſhel, mult be mixd 
with 12 Buſhels of Rye at 35s. 64. a Buſhel ; That the whot 
Mixture way be fold for 4 s. 4 d. the Buſhel. 
In this Caſe you muſt fer down all the Particular Rates, wit 
the Mean Rate, and find their Differences juſt as before; wit- 


N a 


out any regard bad to the quantity given. 
C 
Thus, Mean Rute 52 d. 155 Is 8 
As the Quantity found by the Differences .of the ſum 
Then. Name with the Quantity given: Is to the Duanti 
 Ygivzen :: So any of the other Quantities found by tit 
Differences : To the quantity of its Name. 
Thus 8: 12 :: 10: 15. the Quantity or Number of Buſiyti 
of Wheat required, | 
Qaueſt. 5: How much Malaga at 7 s. 6 d. the Gallon, Sherry at 
' 5s. the Gallon, and White Wine at 4s. 3 d. the Gallon mult be 
mix d with 18 Gallons of Canary at 65. 9d. the Gallon; That 
the whole Mixture may be fold for 65. the Gallon. The 


3 N CT, 
8 „ 


A X 5 «+6 
e IS I IR 
JVüͤͥͤͥ ĩð2ñ]öõoð4(L—ẽãͤ Ra ;\ 


5 
5 83 


* 


er eB tar Eons. 
hn OS 8 „„ xs Fo & 


_ 


Chap. 9. Of Alligation, & 115 


The Terms being ſet down, Se. as before, will ſtand 
7 a Ws 90 d. N 
Thus, Mean Rate 72 d. Sherry p 8 : hes 
Canary 81d 5), 12 _ 
5 21: 317 Galons of Malaga 
Then, As 12 : 18 :: 4 18 : 27 Gallons of White 
5 | 9 : 13 Gallons of Sherry _ 
Thar 1s, 31S Gallons of Malaga, 27 of Hhite- Wine, and 132 
of Sberry, being mix d with 18 Ballons of Canary, will make the 


Mixture required. | 
\ Malaga 90 F 12 

TE Sherry 6035 UL 18 

Or Thus, 72 ) Cay 81 i 5 21 


Mita \ 51 9 
12: lot The Malaga | 
Then, As 21: 18 ::4 18: I5z; The Sherry \. c. 
he C95 73+ The White Vine 
Gallons Pence © 


1025 at 90 - art = 9257 : 
Prof Y 745 5 8 Leah = 2938 
18 at 81 d. each 1458 
„ 1 4 Value = 3702; x 
Then 5152) 370248 (72 4. = 65. the Mean Rate. 
Therefore the quantities are as truly aſſigned here, as in the 


laſt Work. 5 | | 
Cafe III. The Particular Rates of all the Ingredients propoſed . 
to be mix d; and the Sum ot all their Quantities, with the Mean 
Rate of that Sum being given; Jo find the particular quantities 
of the Mixture. TE Pg „ 
This is called Alligation Total, and is thus performed. Set 
down all the Particular Rates; with the Mean Rate, and find their 
Differences, as before: Add together all the Differences into 
one Sum; | | | | 
(As the Sum of all the Differences: Is to tie Sum of 
Then all the quantities given : So ij every particular Dif- 
f, ference © To its particular quantity. | 
Queſt. 6. Let it be required to mix Meat at 5 5s. the Buſhe!, 
with Rye at 3s. 6 d. the Buſhel ; So as that the whole quantity 
may be 27 Buſhels, to be Sold for 45. J d. 2 Buſhel. What quan- 


tity of each muſt be taken to make up we Mixture d 
| 2 Mean 


r eee Paeart l 


5 


Mean Rate 52 hank 27 55 * 


0 "8 — their Sum, 
Then 18 „ 1 The quantities required. 


Dueſtio ion 7. rt ir were required ro mix Malaga at 5 


64. the Gallon, with Canary at 65. 77 the Gallon; Sherry at 5. 


the Gallon; And White Mine at 4s. 3 d. the Gallon : So as tha 
the whole Mixture may be go Gallons; to be fold for 6 s. the 


Gallon, How much of each fort will compole that Mixture > 


p Malaga 90 7 
) White 51 J 


Canary 81 
Sberny 60 122 
| 60 = their Sam. 


80 : 90 „ 215-318 The Gallons of Malaga. 
Th 60 : 90 :: 18 : 27 The Gallons of White Wine. 
en Y60 :90 :: 9 : 13% The Gallons of Sherry. 
60 : 90 :: 12 : 18. The Gallons of Canary. 


£74 Malays g 3 14 
| 0 
Or thus, 72 Canary 81 
White 51 $ £2 
S8 their Sum. 
5 £60 : 90 ©! 1248 Gallons of Malaga 
Then £92 90 © 13 : 27 Gallons of Sherry 
Go : 90 :: 21 my Gallons of Canary 
290 5 9: 13 Gallons of White Wine 
Either of theſe ways do ag Anſwer the Qugſtion, as may, 


Mean Rate = = 72d, 


be eaſily tried by Alligat ion Medial. As before, & Se. 


Note, The Work of theſe Proportions may be much ſhortened 
(eſpecial, þ when there are many Ingredients to be mix d) i you ob. 


ferve the ſame Method as was propiſed in bony Rule of Fellowſhip, 
Page gy, Se 


1 have made uſe of the very hh Examples both in Alliga 


"tion Medial, and Alternate, throughout the 3 Caſes ;. being, 
as I preſume, much better than if they bad been different 


ones; becauſe the Learner. may (if he conſider a little on 
jhem ) ealily perceive, not only the difference berween the 
2 bad. 


| 


— 


Chap. 10. Of Metals, Gravities, Se. 117 
two Rules, but alſo wherein the chief difference of each Caſe 
in the Alternate Rule depends, & o Not but that I could have 
inſerted many various Examples, as alſo the manner of compo- 
fing Medicines, Sc. which for brevity's fake I have omitted, 
and refer thoſe that deſire to ſee into that huũneſs to Sir Jona: 
More's Arithmetick, wherein he will find it largely handled, 
And fo I ſhall conclude with Alligation Alternate, which altho 
it gives true Anſwers ro Queſtions of that kind, with ſome little 
variery, according as the Ingredients are more or leſs in Num- 
ber; As appears by the foregoing Examples. Vet it will not 
give all the Anſwers as ſuch Queſtions are capable of, nor perhaps 
thoſe which ſuit beſt with the preſent occaſion: Nor can this 
Imperfection be remedied by common Arithmetick ; bur by ah 
Alpebraich way of Arguing it may; whereby all the poſſible An- 
ſwers to any Queſtion may be clearly and eaſily diſcovered; As 
ſhall be thew'd further on in the Second Part. 


CHAP. x. 
of Petals, and their @pecifick Gravities, Cc. 
$28. 1. Of Gold and Silver: 


Pore Gold, free from Mixture of other Metals, uſually cat- 

led Fine Gold, is of ſuch a Nature and Purity chat it wil 
endure the Fire without waſting ; although it were kept con - 
rinually Melted : And therefore ſome of the Ancient Philaſo- 
2 have ſuppoſed the Sun to be 2 Globe of Liquid or Melted 


Silver having not the Purity of Gold, will not indure the Nye 
like it; Yer Fine Silver will waſt but a very little by being in 
the Fire any reaſonable time; whereas Copper, Tin, Lead, Sc. 
will not only wait, bur may be calcin'd or burnt to a Powder. 

Both Gold and Silver in their Purity, are ſo very Flexible or 
loft (like new Lead, &c.) that they are not fo uſeful either in 
Coin, or otherwiſe (except to Bear into Leaf. Gold, or Silver) as 
when they are allay d, or mix d and harden'd with Copper, or 
Braſe. And altho moſt places differ more or leſs in rhe Quantity 
of ſuch 4/{ay, yet in Englard it is generally agreed on, chat, 


Stand: 


— — — 
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Standard for Gold. 


22 Carracts of Fine Gold, and 2 Carracts of Copper, being 
M lied togetber ſhall be efteemed the true Standard for Gol 
Coin. &c. The French and Spaniſh Gold being very near of the ſame 
Standard. | 
Thar is, if any quantify or weight of Fine Gold, be divided 
into twenty four equal Parts, and 22 of thoſe Parts be mixd 
with 2 of the like Parts of Copper; that Mixture is called 
 Manaard Gold. | a | 
Whence you may obſerve, that a Carract is not any certain 
quantity or weight, but A part of any quantity or weight; and 
the Minters and Goldſmiths divide it into 4 equal Parts, which 
they call Grains of u Carract; allo they ſubdivide one of thoſe 
Grains into Quarters, Halves, &c. | 


Standard for Silver. 


Eleven Ounces and Tic- Penm Werght of fine Silver, and Eig. 

teen Penny Weight of Copper being melted together, is eſteemd 
the true Standard for Silver Coin; called Sterling Silver. And ſo 
in Proportion for a greater or leſſer quantity; which is a leſs Pre- 
portion of Allay for Silver, than the other is for Gold, 


Note, When either Silver, or Gold, is finer than Standard it's 
called better, if courſer it's called worſe, and that betterneſs, or 
worſeneſs, is reckoned by Carracts and Grains of a Carract in 
Gold ; And by Penny-weights in Silver, and is thus diſcovered: 
The Goldſmiths, or Refiners, &c. do take a ſmall quantity of ſuch 
Gold as they intend ro Try (which they call making an Aſſy) 
and weigh it very exactly, then they put it into a Crucible, and 
melt it in a ſtrong Fire, fo long that if there be any Copper, or 
other Allay mixt with ir, that Allay may be conſum d or burnt 
away: When it's cold they weigh it very exa&/y again, ard if 
it have loſt nothing of its firſt Weight, they conclude it is fre 
Gold, bur if the Loſs be „ Part, they call it 23 Carracts fine, or 
one Carract better than Standard: If it have loſt ; Parts, its 
22 Carrafts fine, or Standard : If 54 Parts, it's ſaid to be 21 
 Carratts fine, or rather one Carract worſe than Standard, and lo 
in Proportion as it happens to be better, or worſe. 

In the ſame manner they make their Aſſay on Silver, only they 
compute its Loſs by Penny- weights, c. 1 8 | 

The Author of the Preſent State of England, mention d before 
(Pave 32) favs, „ Es 5 

— AZ 
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© Thar rhe Engliſh Coin may not want neither the Purity nor 
Weight required, it is moſt wiſely and carefully provided, 
that once every Year the chief Officers of the Mint appear 
before the Lords of the Council in the Star. Chamber at Weſt- 
minſter, with ſome pieces of all forts of Moneys Coined the 
foregoing Year, taken at adventure out of the Mint, and kept 
under ſeveral Locks, by ſeveral Perſons, till that appearance, 
and then by a Jury of 24 able Goldſmiths, in the preſence of 
* the ſaid Lords, every piece is moſt exactly Weighed and 
Aſſay d. 8 3 
| This if it were conſtantly praCtiſed would keep our Coin to 
irs true Standard, &c. | | | 
Many pretty Queſtions may be ſtarted concerning the Fineneſs 
of Gold and Silver, &c. 


K a 


Example 1. 


If an Igor of Silver weighing 787 oz. 14 pwt. 6 gra. Be 
11 07. 6 Penny-weight fine: How much fine Silver is there in it, 
and what amounts it to, at 5 f. 174, the Ounce? | 

This Ingot is better than Standard by 4 pt. For 11 cz. 2 pwe. 
— 222 pwt. the fine Silver in 12 oz. of Standard. Bur 11 oz. 
6 pwt. = 226 pwt. the fine Silver in 12 oz. according to the Pue- 

+20] | Ts | 

Firſt 787 oz. 14 pwt. 6 Grains = 378102 Grains. 

And 12 03. = 240 pwe. 

Then As 24p : 226 :: 378102 : 356046 27 = 741 oz. 15 
put. 6,5 Grains; the fine Silver in that Ingot. 


Which at 55s. 14 4 the Ounce, amounts to 190“. 13. 
and near a half penny. 


n 
Example 2. 


If an Ingot of Gold weighing 115 oz. 13 pwt. 18 Grains ; 
Be 4 of a Grain worſe than Standard: How much Standard Gold 
is there in it, and what comes it to at 3 J. 11s. an Ounce ? 


Firſt 1 15 07. 13 pt. 18 gra. = 55530 Grains Troy. 
Then 24) 55530 (231375 =a Carract of that quantity. 
And 4) 2313,75 (578,4375 Sa Grain of that Carract. 
Conſequently 4) 578,4375 (144,609375 of a Grain. 


Again, 2313,75 & 22 = 509025 ought to be the fine Gold 
in char Ingee, if it had been Standard, „ bar 
| | But 
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But 30902, — 144,609375 = 0757/890623 is the quanti 
of 95 Gold e the Queſtion. | | N | ? 
Therefore 50902,5 : 50757,890625 :: 55530 55372,244 &. 
Grains = 11 5:5 we. 4,244 &c- Grains Troy, being the quay 
tity of Standard Gold in that Ingot. As was required, 
Next for the Value of it, at 3/. 11s. per Ounce; 1 04. = 48 
Grains. And 31. 115. =715. | | 
Conſequently 480: 71 :: 55372,244 &c. : $190,4777 &, | 
= 409 l. 105. 5 d. very near; being the Value of that gu. 
was required. = F 
Or the laſt Queſtion may be otherwiſe wrought thus; 115 
13 pwt. 18 Grains 115.6875. And 4 of a Grain, of a Carras 
is x+ (viz. the 4 of 4) 9 


— 


Then 22 — 7; = 2117 = 21,9375. 
Conſequently 22 : 21,9375 :: 115,6875 : 115,358842 &, 
=115 oz. 7 pwt. 4,244 Grains, &c. As before. 
Next for the Value, As 1 : 3,55 :: 115,358842 3 409,523889 


= 409 l. 105. 534, very near. As before. 


Selk. e. The Specikick Gravity of Petals, &c. 


I rake an enquiry made about the different Gravities or Weight: 
of Metals and other Bodies, to be (not only a work of Cunyſi- 
ty, bur alſo) of very good uſe upon many Occaſions. There 
fore ſeveral Authors have given us ſuch Proportions, or difference 


of their Weighes, as they are (aid to have one to another; ſup- 


poſing every one of them to be of the ſame Magnitude or Big. 
9 


Some of which ſhall here inſert. 


1. Henry Van Etten, in his Mathematica! Recreations, Printed 
Anno 1633, (ers down the Proportion of their Weights. Thus; 

Gold 4 7 . Lead 1165. Silver 1040 . Copper 910. Iron 810. 
Tin 750 . Water 100. 8 8 5 


2. One Alſted, in his Encyclopedia, Printed 1649, bath them 


Quick ſilver 1500. Lead 1165, . Silver 1040 
9. Iron Soc . Tin 750 . Honey 159 . Water 100 


1 O 90. Theſe ſeem 10 be taken from thole of Van Ettens 
with ſome Additions only- m—_ 


3. The Ingenious Mr. Ougbtred, in his Circles of Proportions, 


Printed Anno 1660, hath their Proportions according to the Ex- 


periments of one Marinus Ghesaldi, in bis Tract called Archi- 


edles Promotus. Thus; 


Gold 3090 . Quick ſiiner 2850 . Lead 2415 . Sifeer 7770 a 
a "I Ws + f 4. n 


Braſs 1890 . Iron 1680 , Tin 1554. 


> _—_ 
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4. In the Philoſophical Tranſactions, (Number 7 and 199) 
there is an account of a Fon many Experiments of this kind; 
from whence I collected theſe following. Viz. Gold 18888. 
Mercury 14019 . Lead 11345 . Silver 11087. Copper 8843. 
Hammer d Braſs 8349 . Caſt Braſs 8 100 . Steel 7852 . Iron 
7643. Tin 7321 . Pump-water 1000 . Thee laſt Proportions 
being approved of and publiſhed by Order of the Royal Soci- 
ety ſeem to be unqueſtionably true: Nevertheleſs, becauſe they 
differ ſo much from the before mention d (and thoſe, from one 
another) 1 have for my own ſatis faction made ſeveral Experi- 
ments of tbat kind: And have (I preſume ) obtained the Pro- 
rtions of Meigbt that one body bears to another, of the ſame = 
Bulk or Magnitude, as nicely as the Nature of ſuch matter, 
as may be contracted or brought into a leſſer body (viz. either 
by Drying, Hammering or otherwiſe) will admit of; which 
are as followeth. | M ett, e eee Wt! 


| Ounces Troy ¶ Ounces Aver. | 
C Fine Gold is, 10,359273 = 11,365602 . 
Standard Gold, | 9,962625 = 10,930422| 
i nick Silver, | 7,384411 = 8$,101753| 
Lead, 3.984010 = 6,5538385 
I Fine Silver, | 5.850035. 6418324 
Standard Silver, 5.556769 =, 6,096569 | 
| Roſe Copper, 4,747 121 = $,208369 | 
| Plate Beale 3.404273 4.832116 


| yea 4 ; 4,272409 =. 4.630300 
Steel, 4.142127 2 43544505 


Common Irow, 4031361 = 4.422977 
Block bas Ne: | enge 
de LL Fine Marble, 1429411 = 1,5688359 
ahne Common Glaſs, | 1,350841 = 1.493037 | 
| Alabaſter, 0.088456 = 15084477 
Dry Ivory, 995283 055542 
| Dry Box wood, 0, 543282 = 0,596057 | 
| Sea Water, 0, 542742 = 0,594994 | 


155 „227438 =: 0,578697 
| | 0,523766 = 0,574645 | 
| 0.439268 = 0,5367 96 


0489005 = 0.336569 
9,4915912 9,3539345 
E | 0,431569 = 0528350 


— 


In 


Now from bence it will be catie to determine the Might of 
any propoſed Quantity, of the ſame matter or kin with thoſe 
in the Table; its Solid Content being given in Cubick Inches, 
For it is plain, that if the Number of Cubick Inches containd 
in any given Quantiry, be Multiplied with the Tabular Weight 
of one Inch (of tbe ſame kind of matter) the Product will be the 
Weight of that Quaitity in Ounces, &c. 


| Example. 


_ Suppoſe ir were required to find the Weight of a piece of 
Marble, containing three Solid Feet, and 40 Cubich Tnches. 

Firit 1723X 3==5 184 the Cubick Inches in 3 Solid Feet. 

And 5:84+40 = 5224 the Number of Cubickh Inches in tit 
piece of Marble. 9885 © 
Then $224X 19429411=7410,066624 Ounces Trop. 

Or 5224 1,5688 5988 195,719416 Ounces Averaupos. 
The Meinbe of that piece of Marble, in Ounces, &c. which 
is caſily brought into Pounds, &c, The like for any of the ret. 
Ihe converſe of this Work is as eaſie; viz. if the Weight of 
any propoſed Quantity be given, thence to find the Solid Cor 
tent of that Quantity in Cubick Inches, &c. Thus, Divide the 
given Mrigbe of the Propoſed Quantity (it being firſt Reduced 
into Ounces, &c.) by the Tabular Meight of one Inch (of the ſame 
kind of Matter) and the Quotient will be the Number of Cubic! 
_ Inches con: #ined in that Quantity. e $ 


Note. It you would fird what Height any Quantity of thoſe 
Bodies mentioned in the Table will have, when it is immerſed 
or put into Water, you mult Subſtrat rhe Weight of an equal 
Quantity of Water (With that of the Body) from the Weg 
of the propoſed Body (if it be heavier than Water) and there 
will Remain the Nright required. As for Inſtance, 6 

A Cubick Inch of Lead =5,984010 
A Cubick Inch of Mater Ds 7 Ounces Troy, &c. 


their difference is, =5,441268 the Weight of a Cubich 
Inch of Lead in the Water, c. | 


CHAP. 


— D ———— — 
ution, or Extra#ins the Rotg ot of a! Single Pow 
— by 4 General Method. ngle f * 

bY Sea. 1. 2 . 
Volution is the Unraveling, or as it were the Unfolding and 
— Reſolving any propoſed Power or Number, into the {ame parts 
of which it was compoſed, or ſuppoſed ro be made up. No- 
in order to perform that, it will be convenient ro Conſider how 
thoſe Powers are Compoſed, GW. 
A Square Number is that which is equally;equal ; Or which is 
contained under two equal Numbers. Euclid 9. Def. 18. 
Thus the Square Number 4 is compoſed of the two equal Num- 
bers 2 and 2. viz, 2 2. 2 one an 
Or the Square Number 9 is compoſed of the two equal Number 
3 and 3. vi 3X3=9. According to Euclid, UP Ps + 
Tr is, if any Number be Multiplied into it ſelf ; that Produdt = 
%% Ne" TOTO 3405 4 TOE Out 
A Cube is that Number, which is equally equally Equal, or which 
is contained under three equal Numbert. Eu. J. Defi. 19. 
Thus the Cube Number 8 is compoſed of che three equa! Num- 
/ TT 
Thar is, it any Number be Multiplied into it ſelf, and that 


* 


'Produft be Multiplied with the ſame Number ; the ſecond Produt?' 


is called a Cube Number. . 
Theſe Two, viz. the Square, and Cube Numbers borrow their 

Names from Geometrical Extenſions or Figures ; as from the three 

Signal Quantities mentioned in Page 2: | 3 

That is, a Roe is repreſented by a Ling or Side, having but 
one Dimenſion, vi. that of Length only „ 

The Square is a Plain or Figure of Two Dimenſions, having 
Equal Leugth and Bzeadth. The Cube is a Solid Body of Three 
Dimenſiens; having Equal Length, Bꝛeadth, and Thicknels : 
But beyond theſe Three, Nature proceeds not, as to Local Ex- 
tenſion. Thar is, the Nature of Place or Space, admiis no room 
for other ways of Extenſion, than Length. Breadth and Thicks 
neſs. Neither is it poſſible to form, or compole any Figure, or 
Body beyond that x Solid. | | 
And therefore all the Superior Powers above the Cube or Third 
Power ; As the Biquadrat or Fourth Power, the Surfolid or Fifth 
Power, &c. are beſt explain'd and underitood by. a Renk or Se- 
ries of Numbers in Geometrical Proportion, 5 

For Inu ance. 3 

Suppoſe any Rank of Geometry cal P gpertionals, whaſe F;r/? 
Term and Ratio are the lame; And to them let there ue 
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Afligned a Series of Nonbers in Arithmetical Pr 7 begin- tab 
ning with an Unit or 1. Moe common difference is alſo 1. 40 
in Page 79. WASTE p 
{3 8 a Indices. 
This L. 4. 8. 16 . 32. 64 1286 Sc. in = 
Then are thoſe Numbers in == produced by a continued A. 
plication of rhe Firff Term or Root into it Self; And thoſe in 
Avithmetical Progreſſim'"or Inditeg, do ſhew what Degree or 


For Example ; In tits Series of cr L is both the Faſt Term of 


Then 2X2=4 the Second Term or $41 
And 2X2X2=8 Or 4X2=8 the Cu Or Third Terms: 
Again 2X2X2X2=16 Or $8X2=16 the hoes Term or "Bi 
uach. And ſo on for the reſt. vs 


Note, Thi s caled Involution, viz. Ir ben any Number 
drawn into it ſelf, and afterwards into that Produc. Sc. its ſad x 1 
to be ſo often involved into it felf ; And the Indices are the Expo- | 
nents their reſpeRtive ac 5 involved. | il 

And according to theſe. Involutions, is formed the following 
Table of Powers; wherein the Root is only one Single! A 


3 ** 4 FE 3 


Q 8 ö * th = SE X * . 2 
eee S 5 
In er 
TE EE einn AE ES. 1 
8 ro 2 En 8% þ:Sy | IO 
N 7 Tak = * | 1 — 2 
iii [IE 68 eee 
ZE fake $2 [2h | af 
12 2 1 SEES S NY 18 
r — 3 
Ing ex Index Index Index | Index | Index | Index Index 
—L@) | G) | (4) | G2 [662 |) [_()_[ (9) 
MO TC N age" We 
„ 64 128 r 
3 9 27 91 243 729] . 2187 56561 19683 
„ 64 | 256 1024] 4096] 16384 65536[ 26214 
LE A 2. 5536 4 
33-3 125 | 625 | 3125} 15625} 78125] 390625] _ 1953125 
' #7 36 216 11296 7776 4665 279936] 1679616 19077590 , 
7 | 49 | 343_ | 2491 | 16807]11764s 117649] 823543] $764801| 4935360" 
138 | 64 | 512 | 4096 | 32768 262144) 2097 15201677721 134217728 
» | 8: | 529 | 6561 | 59049531441] 4782969143046721] 387420489] 


This Table pla niy he ws ( by Inspection) any Power ( under 
the Tenth) of all the Nine Figures; and from thence may be 
taken 


S X X $ © &% 
8 » 
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taken rhe 3 xt of any Square, Cube, 1 Ae. of 
Number whoſe Root or Side is a ſingle Figure. 


an 1 

* if the Root confiſt of two, three, or more places of re. 
then it malt ye found by piece · meal, or Figure alter Figure, at 
ſeveral 27 

The Extraction of al 2 * above the Square c 511 of the Cube, 
Biquadrat, Surfolid, &c) ath heretofore been a very tedious 
and troubleſome piece of Work: All, which is now very. much 
ſnortned, and rendred Eaſie, as will appear further on 

When any Number, is propoſed to have its Rect Extracted, the. 
firff Work is to prepare it, by Points ſex over (or under) their 
proper Figures ; according as the given Power, whoſe, Rat is. 
ſought doth require; And that's done by conſidering the Index 
of the given Power, which for the Square is 2. for the Cube is 3. 
for the Biquadrus is 4. &c. (as in the precedent Table) Then 
allow ſo many places af Figures in the given Power, ſor each 
ſingle Figure of the Nor, as its Index denotes ; always be os 
thoſe Points over the Nlace of Unity, and aſcend towards the 1 
Hand if the given er be Intepers,. and deſcend rowards the 
Right Hand in Decimal Parts. As in theſe. following. 

Juppoſe any given Number; As 75640387246 which I fall 
all along hereafter call rhe Reſelvend.”* 

Then if it be required to Extract 2 ol the fallowing Roats,. 

ore 


ir mult be pointed (a e to the e e 
tion)! in this manner. 


% 
0 
\ * 
| a * 4 k 1 


Squer Root Thus e 
| Cube Root | 75640387246 A ho 
1 * Biquadrat Rot 1 75640387246 = 


Tix For the C 


3 Suafolid Root 75640387246. s 
Or ſuppoſe the Number to be © 674935982; | 


Square Root Thus © 05740359820 2 
Then for the Cube Reo ©4674535982 


\ Biquadrat Rur © 674033982 o 


No the Reaſon of Pointing the given Reſolvend in this 
manner; mw the allowing Two Figures in the Square; Three 


. | Figure 
; 8 | $4 L 
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Hgures in the Cube, and Four Figures in the Biquadrat, &c. For 
one Figure in the Root, may be made Evident ſeveral ways; but 
I think its eaſily conceiv d from the Table of ſingle Powers, where- 
in you may obſerve that all the Powers of the Figure 9, (which 
is bur a ſingle Figure) have the ſame Number of places of Figures, 
as the Index of thoſe Powers denotes : Therefore ſo many places 
of Figures muſt be taken or aſſigned for every ſing/e Figure in 
the Nor. Conſequently by theſe Points is known how many 
places of Figures there will be in the Root, vis. So many Points 
2s there are, ſo many Figures there muſt be in the Root, and 

Whether they muſt be Integers, or Decimal Parts, is easily deter. 


mined by the reſpective p laces of ti . 


. 2. To Extrac the qu, Rt. 
And Firſt how to Extract the Square Roe, according to the. 


Having pine the given Reſalvend into Periods of Two E- 
gures, as before directed; then by the Table of Powers (or other- 
wiſe) find the greateſt Square that is contained in the firſt Period 
towards the Left Hand ; (rring down its Root, like a Quotient 
Figure in Diviſion) and SubjeRſP® that Square out of the (21d Pe 
riod of the Reſolvend © "To the Remainder bring down the next 
Period of Figures, for 2 Dividend, and double the Roo of the 
fiſt Square tor a Diviſor ; inquiring how oft it may be had in 
that Dividend; So as when the Quotient Figure is annexed to the 
Diviſor, and that incregſed Diviſor being Multiplied with the 
ſame Quotient Figure, the Product may be the greateſt Number 
that can be taken our of that Dividend; which Subſtratt from 
the laid Dividend, and to the Remainder bring down the next 
Period of Figures, for another New Dividend: Then ſee how 
often the Laſt increaſed Diviſor, can be had in the New Diw- 
dend; (with the ſame Caution as before, viz.) So as that the Quo- 
tient Figure being Annexed to the Diviſer, and that increaſed Di. 
viſor Multip!ied with the ſame Quotient Figure, their Praduct may 
be rhe greateſt Number that can be Subſtratted from the New Di. 
vidend. (As before). And ſo proceed on from Period co Period; 
(viz. from Point to Point) in the very ſame manner, until all 
finiſhed. e . e 

- An Example or Two being well obſerved, will render the Work 
of forming the New Bivie, &c. more Plain and Eaſie, chan 
can be Expreſſed in a Multitude of Words. TENT 


— 


e _ 
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Example 1. Let it be required to Extra8 the Square Rove out 
of. $73199960797- This Reſalvend being prepared or pointed 
as before directed, will ſtand by 


Thus $72199960721 (756439 the Reer 
| 49 the greateſt Square in 37. 
I, Diviſor 145) 821 


„% „„ 

2, Diviſor 1506) 9699 

3 230 1506 6 | 
1 3 on 
an. 151283) r 
| 3 453849 =151283 x3 
5 Ble 1512869) "13615821 _ 
" 13615821 = 1512869 X9 


Proof 756439 X 756439 = 572199960721 the Reſolvend, 
Example 2. Whar's the * Root of een, * 


Operation 1850701,764025 ( Zee 


22) 8 5 
3 605 


266) 1607 IH | Hence 1260405 is 
6 1596 


; the Root required. 
17204) 1 101% 
4 108816 : 
1720805) 13 604025 
| 5 13604025 


4 —_— 3. Whar's the „ Nee of 0,06076225 Decimal 
arts 


Operation © 06076225 (0,2465 the Root required. 


S 
144) 207 OR 
„ 46; X0,2465 = 
486 346356 Fr o, 06076225 the 
6 2916 n 


4925) 4623 g 
| 2 24625 of 


( 


26 — 
—— bs 
—— ä —— — —— — — 3 
>. 
: 4 
# 4 
2 


- ther way of Extracting 


43 


— Om OR 
of 


> 4 


— 
8 wal —— bib : uo 
128 W „ 4 W 5 — * 2 
4 e 248 3 1 x La MPT 4 3434 mn. 
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Wha: is here done in Whole Numbers, Mix d Numbers, and De 


£6 n, may alſo be done in Pulpar Frattions ; if you firſt Change 


the given Fraction into Decimals. (As in $ef. 5. Page 68.) 
Example 4. Let it be required to Extract the Square Root of 
3f, Fiſt 15 O : 1 DE 9 75 
Then 0,64 (8 the Root required. 
.-Þ&: 7 1 3 
„ 5 
In theſe Four Examples the Reſolvend bath been a perfect Square; 
and therefore the Rove hath been Extracted without Leaving any 
remainder : But it very often happens that the Reſolvtnd is not 3 
true Figurate Number, according to the propoſed Power, That 
is, it s not a perfect Square, Cupe, Biquadrate, &c. And then 
ſomething will remain after the ExiraXion hath been made 


throughout all the Point. Such Numbers are called Surd Num. 
bers, and their Roots can never be ttuly found, but will become 


a Continued Series ad inſinitum: If to the remainder there be (il 
annexed Cyphers according as the ptopoſed Power requires, iz. 
by Two's in the Square; Three's in the Cube; Four's in the Biqua- 


| drate, &c., And the Operations continued on as before. 


Example * Suppoſe it Were required ro Extract the Square 


5101. ei 


| e ot ry a nia 
1664) 79,00. i = | E * | 


166944) 759100, 

oF al 66777S. 199% 
1669485) | 9132460 _ 
5 8347425 


1669490 S 784975 - So. 


- j 


55 Thus the Noe of a\Surd Number may be continued on to what 


Exactneſi yon pleaſe, but cannot be truly found. - * 


n my Compendium of Algebra, Chap. 9. Lhave propoſed 8 
1 the 5 quare Reet, and there given Example. 


of the Work: Which to avoid Prolixiry is thus: 


_—— 


Having 


EEK TESTANIS TREE —RoFWoﬀ © 


Chap. 11. Of Extracting Riots, de. 129 


8 


Having pointed the given Reſolvend, and taken the Greateſt 
Square to the Firſt Point from it, as before. Then Divide the 
Remainder of the whole Reſolvend by 2 (that is, halve it) and 
Point it a New. (This I call a New Dividend) Then make the 
Root of the Firſt Square a Diviſor, inquiring how oft it may be 
found in the New Dividend ro the next Figure forward, re- 
ſerving that Figure under the next Point, for the half Square of 
the Quotient Figure. Which being found, Multiply the Diviſor 


g with it, adding to that Product the Tens of the half Square if 


7 

S A — n e ee At «it 2 72 4 
F . 3 TEL N J = if! EE 8} 
. 3a, Ce PO I ESD I FF SEE]; 


* whole Root as befure; but only to one Figure more than h 


1 there be any; As in plain Dzviſion. 


Then annex the Quotient Figure to the Lat Diviſor for a New 
Diviſor, with which proceed in all Reſpects as with the Lait 
Diviſor ; And ſo on unul all be finiſhed. 


Example 6. Whar's the Square Root of 2990667969 
| Operatim 2990667969 | 
— 25 (5 The Firſt Single Root. 
2) 490667969 The Remainder to be Divided by 2 


Firſt Root 5 ) 245333934,5 ( 54687 
+ 4 208=5X4 : +; the Square of 4 viz. 458 
Diviſor 54) 3733 8 | 
+ 6 3258=54X6 : + 2 the Square of 6 
Divſor 546) 47539 
- 8 43712=546X8: ++ the Square of 8 


Diviſor 5468) 382784,5 3 
7 38278455468 7: + 5 the Square of 7 
| (o) 
Hence the Root is found ro be 54687 As was required. 


All the difficulty in this Merhod is only in the true placing 
of the half Square of the Quotient Figure, when it happens 
to be an odd Number; In that Caſe you muſt bring down one 
Figure mot e of the Dividend; viz. of the next Period; under 
which, place the odd 5 that will always ariſe from the half Square 


of an odd Number: As 7 whoſe Square is 49; the half of which 


is 24,5 to be placed as in the Laſt Operation of this Example. 
N. B. When the Number of Figures in the Root of a Surd 
Number are limited; you need not proceed in Extracting the 


the 


deſigned Number of Figures; for the ret may be obtained by plain 
Diviſion, 


O Example 


"I a + "We" FC P84. VAR PEE PRE DATE. BL 


$..1 x "4 
a * * 2 1 © Pe. = 1 1 . 4 my vas. : - 
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Example 7. Suppoſe it were required to Extract the Square Rot 
of 7 (a Surd Number) to have Twelve places of Figures in it. 


7 (2,6457351 Firſt part of the Ron, | : 
Remainder 3 | 
* 1,59=half the Remainder. „ 
+ 6 1,3882%66 : ＋ f the Square of o, S o, 18 
„ 1100 SO : 
5 1048 
©. 4364...) ineo 
. 132125 
2,645}. 11987500 
+ vo 1351745 
2,6457 1357550 
+ ,o0005 13228625 
2.64575 34687505 
,000001 26457505 
2,6457171 8229995 


Having thus got 7 of the 12 Figures required in the Root ; the 
reſt may be eaſily found by the Contratted way of Diviſim po 


pred in Page 68. 


Thus 2,645751) 8229995] (2,64575131105 
ee, ee 
292742 
264575 
28167 
26457 ET 
17 10 
1697 
: „„ 
Hence I find the Roo? cf 7 To be 2,6457 131106 4s me 
requred. 
Thus you have Two ways of Extra&ing the Square Root, either 
of them may be pratticed as every one likes belt. 


Set, 3. To Crtran the Cube Root. 


The Method that I ſhall here propoſe for Extracting the Cubt 
1 N of Two Caſes ; beth which are to be very wel 
obſerved, | 


ao 


Haying 


 - 


ox 
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Having pointed the given Reſolvend, (as before directed) diz. 
into Periods of Three Figures ; Then ſeek a Cube Number by 
the Table of Powers (or otherwiſe) that comes the neareſt ro the 
Firſt Period of the Reſolvend, whether it be Greater or Leſs than 
tha: Period | | 

Caſs 1. If the Cube Number fo taken, be Leſs than the Firſt 
Period of the Reſolvend. 


Call its Root Leſs chan Jult, 


And Subſtract that Cube from the Firſt Period of the Re- 
ſolvend. 

Caſe 2. Bur if that Cube be greater than the Firſt Period of 
the Reſo/vend. | 


Call its Root Maze than Juſt. 


And Subſtract the Reſolvend from that Cube, annexing Cyphers 
to it, chat ſo Subſtraction may be made. 

To rhe Firti Root whether it be Leſs, or More than Juſt, 
annex ſo many Cyphers as there are remaining Points over the 
whole Numbers of the Refolvend, and Multiphy it with 3; Then 
make that Product a Diviſor; by which you muſt divide the 
Difference between the Reſolvend and the foreſaid Cube, then will 
that Quotient be the Reſolvend depreſſed to a Square ; and there- 
fore it mult be pointed as ſuch * viz. into Periods of Two Figures 
each. That being done, make the Firſt Root (without rhoſe 
Cyphers that were annex d to it) a Diviſor, inquiring how oft 
it may be found in the Firſt Period of the New Reſolvend, (as 
before in Extracting the Square Root) with this Conſideration, 
that if the Root, (now a Diviſor) be Leſs than Fuft, as in Caſe 
1. you mult annex the Quotient Figure to it, and then Multi- 
ply the Root ſo increaſed, into the ſaid Quotient Figure; Setting 
down the Units place of their Product under the pointed Figure 
ot that Period, Subſtracting it, as in Diviſion, And ſo on trom 
one Period to another. As before. 5 

Bur if the ſaid Root (now a Diviſor) be More than Fuft, as in 
Caſe 2. Then you mutt Subſtraft the Quotient Figure from a 
Cypher annexed, or ſuppoſed to be annexed to the laid Diviſor 8 
Multiplying the Root io decreaſed into the Quotient Figure; ler- 
ting down their Product as betore, Sc. An Example or two in 
each Caſe will render che Work Plain a EgEaſie. 


82 Example 
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_ 1 5 Example 1. 
1 WVPhat's the Cube Root of 146363183 the given Reſolvend, tg 


Part l. 


—:!. 


be pointed thus 146363183 (5 the Firſt Root, Leſs than Juſt, 
125=the neareſt Cube to 146 'F 
JOOK o = 1500 ) 2 1363183 ( 14242, | hy New Reſolvend b 
Firſt Root 5) 14242,12 (527 the Not required. - 
: | 3 L 
1. Diviſor 52 ) 883842 * 
ET 3689 5 


2. Diviſor 527 (153) the Remainder to be fejected. 
| Here the Root 527 is the true Root at the firſt Operation, 48 
may be eaſih tried by involving it. 
Tpbat is 527 & 527 X 527 = 146363183 the given Reſolver 
But if it had not been the true Root; Then every thing that 
bath been here done mult have been repeated; Only inſtead of 
the firſt ſingle Root (viz. 5.) you muſt have taken the incregſei 
Root (viz. 527) and this J call a Second Operation; Which would 
| increaſe the Laſt Root to Nine places of Figures, viz, every Ox- 
ration Triples the Number of places in the Laſt Root ; As will ap- 
pear further an. he, 25 
N. B. It often happens that Four, or ſometimes Five Places 
Figures may be taken into the Rot; Eſpecially when the Second Plc 
proves to be a Cypher. That u, when the Firſt Cube comes very nea 
to the Firſt Period of the Relolvend. | Ds 


Example 2. | 
What's the Cube Root of 67507824239 ( 4000 Root Lels 
; Firſt neareſt Cube=54 we (than Ju 


Root 4000X3=12000) 3507824239 (29231868 


- (Y 


& 3 , 3 
+ o 292313,68 (4071.8 


— — —_—_ 


1 1. Diviſor 40) 2923 


1 
2. Diviſor 407 7418 
8 ＋ 4071 


4071 3347568 
TI. 3: c. 
Reoe = is,, 
In this Example 1 bave taken Five Figures into the Root, be. 
eauſe the Sccond Place proved to be a Cypher. And in 0 
; 1 | Ce EE <a Soto 


3. Diviſor 


| 


5 

$ 
8 
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25 
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As may be eafily tried. 


Ihe neareſt Cube to 976 i is 1000 whoſe Root is 10 being More than 


Then 35000990700) 23520397010926039720369701110 ( 


Five the Exeeſl is not an Unit in the Laſt Place for if there 
were made a Second Operation, the Root would be 4071,78 &c. 


Example 3. 
Let ir be PR to Extract the Cube Rest out of this Num- 


ber; 
1 iz. 976379602989073960175630298890 


jut N 2 of 2 0 . . 0 * » 
Irs Cube | iS I00000000000000000000000C000000 


e 97637960298907 399027 9630298890 the Reſolvend 
Remairs 23820397c109260397203697olllo | 


— — — * 


1 * — . — 7 . 
1 2 — 2 n art pn — —— — * — — 
— - N - "= Wang 2»; x3 7 — —— A A ws 0 > > * > 
— ———— — * 2 9 N . 1 - 5 
* — ,- — ” - 7 — - - N * * Ir — — - 
— — : — * N77 tad 
— * *.* * : = ** 434 — * — 23 * 
— 2 GC EY GENE — — 2 — — 
* rer X "XD : — — . 2. L a — 
— x PIC nes Fe — 536 : 6 LS —— l 0 - 
? — 2 _—_ 


The firſt Rot Y0COC00000D & 3 = JZ2900CECO the Diviſor. 


COOOOGORCO 


Firſt Root, 10 + 787346 55670 3086099 = = New Refolv, 
0 5 (£0792 9 


x. Diviſor -. 100 | pg 


— — Þ 3. eb 
2 — IG >. 5 
* 2 — : O 
— - —— id 
9ub ER 5 
I 


2. Diviſor 995 92246 Firſt Root = Tooococ OOO 
1 — 9 89289 — 007929 
3. Diviſor 9921 205756 gc, ο 


4. Diviſor 95258 734979 


— 9 2928639 
5. Divi ſor 99207 SLE 


Ar this Firſt Operation | rake but 99297 to which J annex 5 
Cyphers for the remaining Points, viz. 95 25700000 which in- 
volved to the Third Power or Cube, for 2 Second Operation, 


vill be 907639815602274300cap0c00c 00000 
MG e 0759602796 3025 885 8800 Reſolvend. 


Remains 1855303 366903902 5367901110 | 
The Laſt Rot 9920700000 X 3 = 29762100000 ihe new Diviſar 
Then 29762100000) 1855 503366903 9720369701110 (* 

, ' 6233778492109 The Quotient or New Refolvend, 


Laft Root 99267 being More than juſt, therefore tne new Quo- 
tients mut be Sulftratted, 6 as in the Laſt Operation. 
Thus 
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I Net Tk Lo en 

09207 ) Nr Fag o2109r (62836,45 
n 2 
Diviſor 992064. 28130441 Note in this Ope. 
oy — 2 19841276 i ratiam all the 
Divifor 9920638 8298165 92 1 
8 EI 793650976 2 3 
5 _ nat and all the nem 
(* ) 99206372 | er Diviſors after 
aa 5 . e the (*) ave uſe. 
99 032217 64037045991 4/8. and might 


—— 3 bade been omi. 
9920637104 . MH non ofa ted. 


TT 
9920630163, 6 5440681415600 
eee 4900318881225 
992063 )163,55 KC. 


Laſt Root 9920700000 
e — 62836,45 N c. 


99206377163, 55 the Rot required. 


Thus I have obtained the Cube Roo? to Twelve Places, Of Figures, 
viz. 9920637 163,55, at Two Operations, being but an Uxit too 
It much in the Laſt Place of it, as may be tried by involving it toz Mr 
1 Cube, and comparing that Cube with the giver: Reſolvend, 5 
Wil In the ſame manner the Cube Roots of Decimal Parts; orof 
wo Vulgar Fraftions, being firſt changed into Decimals, may be Ex. 
| | tracted. | | 


7 
"AW 
8 
8 


Les. 4. Jo Extract the Biquadrat Rot. 


5 
= 1A 
TIS 4 


. ln Extracting the Bi quadrat Root, or that of the Fourth Power; 
bit (and indeed the Roots of all even Powers) there is ſome ſmall 
i Difficulties, not ſo eafily eæpreſi d and explain'd in a few words, 
as they are by an Alzebraick Theorem (ſuch as ſhall be ſhewed fur- 
ther on) I have therefore in this place, made choice of Extractin 
> ſuch Roots by Two ſeveral Extractions; And the rather, becaule 
4 I preſume the Reader by this time throughly acquainted with rhe 
1 buſineſs of Extract ing the Square Root, by which this may eafily 

I} be per formed. Thus; 1 r 
I Firſt, Extract the Square Root, of the propoſed Refolvend, Then 
1 the _ Root of that firſt Ror will be the Biquadrat Root le- 
quire. | | 


Examplt 


A. 


Chap. 11. Of Extracting Roots, Se. 135 


W 


Example 1. What's the Biquadrat Roo: of 4857532416 ? 
Firſt Extract Its Square Root, 
Thus 4857532416 
* — 36 S the greater Square, whoſe Roo? is 6. | 


1257532416 Remainder to be Divided by 2. 


Firſt Root 6) 628766208 (69696 
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„F being the fr? Root, whole Square 
Then as Root muſt now be Extrafted, 5 


29696 Remainder to be Divided by 2. 


— 437 2*2ũů„ —-¾ĩ —— — od "I 2 
8 COL py —_ : * — 
- — — Wok, 
ated 2 


Firſt Reo 3 14848 (264 the Biquadrat Root as was re- 


1 (quired. 
26) 1048 

+ 4 1048 

264 (0) 


This is ſo Eaſie I need nor inſert any more Examples. 


S4. 5. To Extract the Surſolid Root, 


Having pointed the given Reſolvend according as its Index De- 
notes viz, into Periods of five Figures ; Seeking ſuch a Surſolsd 
Number in the Table of Powers (or otherwiſe) as comes the near- 
eſt to the Firſt Period of the Reſolvend, whether Greater or Leſs ; 

and call its reſpective Root accordingly ; viz. More than Fuſt ; 
Or Leſs than Fuſt ; anne xing ſo many Cyphers to ir, as there are 
remaining Periods of whole Numbers in the Reſalvend. As be- 
fore in Extra&ing the Cube Root. 

Then find the difference between the Reſolvend, and the Sur- 

I ſolid Number ſo taken, by ſubſtra&ing the Leſſer tram the Greater, 
(as before in the Cube). Next find the Cube of the foreſaid 


Arithmetick. 
| Surſolid Root with its annexed Cyphers, (which you may allo do 
by the Table of Powers) and Multiply that Cube with 5 the Index 
of the Surſolid, the Produt? mult be a Biviſor, by which the Dif. 
ference between the Reſelvend and the Siiſolid Number mult be 
Divided; that fo it may be depreſſed to a Square (as before in the 
Cube) which mult be pointed into Periods of Two Figures each, 
calling it the New Ræſolvend (as before). Then make the Firſt 
Rot, without its Cyphers, a Diviſor Inquiring, how oft it may be 
found in the Firſt Period of the New Reſolvend, with this Conſt 
deration, if the Root (now a Diviſor) be Leſs than 7. you mutt 
annex Twice the Quotient Figure to it; but if it be More than Juſt, 
you mutt ſubſtratt Twice the Quotient Figure from a Cypher either 
| annexed, or \uppos'd to be annex d to that Divifor or Root, Mul. 
tiphing it ſo increaſed or diminiſhed, with the aid Quotient Fi. 
gure, letting down their Product, &c. As before. An Example 
in each Caje will render it pan and eaſie. 


* 


Part J. 
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Example 1. Suppoſe it be required to Extract the Surſolid Rot 


out of this Number 1230950 2009375. 


I 2509 502009305 The Reſolvend Pointed. 
The neareſt Surſo!id Number to 1230, the Firſt Period of the 
Reſolvend, is O24, whole Root is 4 being Leſs than Fuſt, 


Therefore 123095020093575 
— 1024 


2.695902£0,375 their Difference. 


Next the Cube of 409 is 64000000 per Table, &c. 
And 64000000 X5 = 32co00coo the Diviſor. 
Then 320000000, 2069502005375 (6467 Sc. 


CVVT 
TIN 435 Firſt Rot 40 

Diviſor 42-. : 2307 ＋ 15 | 
+5 X2= 10 2450 the true Root 415 as requird 

Diviſor 430 (117) the Remainder to be rejected. 


Thar is 435 is the Surſolid Reot of the given Reſolvend. 
may be eaſily tried by involving it xo the Fifth Power. 

Viz. 413 K 413 X 415 K 415 K 415 = 
given Reſolvend. e 


As 


1230952009375 le 


Exanj 


SS 


_ 
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Example 2. Whats the Sued Rv of 277537687 


The neareſt Sunſolid Number to 232 is 243 whoſe Root is 3 


being More than Fuſt: * 
Therefore 2430000000000, | 45 
— 2327834259872 
Remains 102165440127 | For a Divi lend, 


The Cube of 300 is 27000000 And 27000000X5=135000000 | 


Then 135000000 ) 1 abi (756,7810 New g. ee 


Firſt Root 300 7569810 (2538 F 
— 0 2 XK 22 4 592 
Diviſor 296) 164,78 
—SX2= To 147,50 _ 
2 Diviſor 295,0 17,2810 
PP 
e, eee . 
The Firſt Root was 300, being More than Juſt. 
Therefore it is — 02.558 ARS 
The New Root 297,442 And is very near the true 
Root, Which is . 297.436 c. Now the Reaſon why 
this Root comes our ro ſo many places of Figures at the Firit 


Operation; is becauſe the Fir/? MO Number was ſo near the 
Reſolvend, &c. As before. 


ell. 6. To Extract the Root of the Square Cubed. 


This may be eaſily perform d by Two Extractions; according 
as its Name Denotes. 


Thus, Firſt Extract the 89 uare Root of the given Reſolvend ; 
then Extract the Cube Root 7 that Square Root: And it will 
be the Root required. That is, it will be the Reor of the Siath 


Power, 


Or chus, Firſt Exrrali the Cube Root of the Reſobvend, then 


Extract che Square Ret of that Cube Nor And it will. be the 
Root required. 


Example 1 ; Lev it be required to ExtratÞthe g eee. Rock 
. of rhis Number ee 15625 the Reſoivend. 


Firſt 1 Extrat? the Square Rope of this Reſoivend,. vluch. tate 


0 o be LIE beſt and he eaſieſt way. 
* 1 | Thus 
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Remains = 2% 53535173625 To be halved, 


Then 1 27610268676737812,5 1381078125 
272 | | 


38107) 3096226 
3 

381078) 47634757 

| I 38107805 * 
3810781) 55269528 

| 1.3 76213622 

10 ) 10903390612, 

=” 5 1905390612,5 


331078125 


(0) 
Having found the Square Root of the given Refolvend, I [proce 
10 x the Cube _ Lor that Snuare Not. 


That i is, of 381078123 pt 
— 343 =the neareſt Cube, its FOE is 70e 


Then 100X3=2100 ) 38078125 (18161 
Fiſt Ret 7) 18161 ( 


. 
F. Dioifor 72) m0 Firſt Aeor 700 
+ — F TR aa ot? - 
4 Pinder: 7215 (36) de e Oy 


Hence I find 725 to o bd the Square cube Roof required; as 


may ealily be tried by Involving i it to the Sixth Power. 


Tha! is 71 025X775 97259 vin be foud 


=1452205373555" 5625 the given Reſolvend. 


Sell. J Io Extrag.the Not of the, Seventh Power. 


Havi ę pointed be given Reſelvend, as its Index Denotes, Wis 
into Periods of Seven Figures, Seek out ach a eng, 24 os 


— — —Uüä— 


Chap. 1 7. Of Extracting Roots, K. 739 


Seventh Power, by the Table of Powers, as comes neareſt to 
the firſ# Period of the Refolvend ; whether it be Greater or Leſſer, 
calling its reſpective Root More than Fuft, or Leſs than Fuſt, an- 
nexing its proper Number of Cyphers, &c; As in the Cube and 
Surfolid. J F 

Then find the Difference between the given Reſolvend, and 


chat Number of the Seventh Power (found by the Table of Powers) 


by Subſtratting the Leſſer from the Greater. 

Next find the Surſolid or Fifch Power of that Roo: with its 
Annexed Cyphers (which you way alſo do by the Table of Powers) 
and Multiply that Surſolid Number with 7, the Index of the gi- 
ven Reſolvend, that ProdutF-muſt be a Drvjfar, by which rhe 
foreſaid Difference muſt be Divided; that fo it may be de- 
preſſed to a Square, to be Pointed, &c. as before in the Cube, 
&c. then make the Firſt Root, withour its Cypbers, a Diviſor 
Working wirh it and rhe New Reſo/vend, (as before,) only here 
you mult Increaſe, or Diminiſh the Diviſor with Thrice the Qus- 
tient Figure, ED „ 


/ 88 Ex ample. 


What's the Second Swfolid Reer, or that of the Seventh Power, 


of 373236553955078125 the Reſolvend pointed, 
— 2178 the neareſt Number of 23 
155436553955078 125 their Difference. 


The Firſt Root is 300 being Leſs than Juſt ; And the Fifth 


Power of 300 is 2430000000000 which being Multiplied with 7 is 
I70 10000000000 for a Diviſor, by which the aforeſaid Diffes 
rence mult be Divided; which Contracted may ſtand thus 
1701) 15543655 (9137,95 &c. | 


Faſt Ree 3 ) 9137 (75 
T2X3=6 72 Firſt Root = 300 
i. Da 35 1837 hy: ns. 
* = 15 1875 Tue Root 325 
2. Diviſor 375 (62) the Remainder to be rejected as before, 
Hence I bave found 325 to, be the true Roop required, that 
is, the true Root of the Seventh Power. i 


1 think it needleſs to proceed farther ; viz" to Iaſcrt Exam- 


ples of Higher Powers. For if what is alrea ày done be well un- 


derſtood, it will be eaſſe to conceive how to proceed in Extract ing 
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rages 


the Noot of any Single Power how high ſoever it be (for the Me 
tod js General and alike in all Powers) due regard being had. 
their Indices; and to the. firſt ſingle Side or Root, That is, whe. 
Abet it be More, or Leſs than uſt, &c. „ 
Vet methinks I hear the young Learner ſay, tis puſſible th 
follow the Directions and Examples, as they are here laid down; 
but ſtill here is not the Reaſon why they are fo and ſo pe. 
form; And why there ſhould be a Remainder Left after tho 
true Root is found; viz. when the given Reſolvend hath a try 

Hee :of 11s Kind, BY | 
1. Tis true, the Reaſons of theſe are not here laid down; nei 
ther zndeed can they, be rendered. ſo plain and intelligible. by 
words, .as by an Alpebraick Proceſs, from whence the Theorem 
or Rules here given, had their firſt Invention; as ſhall be ſhewed 
in the next Part, when I come to treat of Reſolving Compounded 
or Adfetted Equations; however, take this ſhort and gener 
account of this Method. * * 
This, and all other of the new Methods of converging Serie 
Cas they are called) are very different from the former (and 
ſtill common) Methods of Extracting Roots, which requires the 
firſt ſingle fide or Noot of the firſt Berind (in any Reſolvend ) to 
be taken Exactiy tra, and then by Involving, and other redins 
ways of ordering it, there is formed a Diviſor; which helps 10 
gprope.out by Trials a Second Figure in the Rot. And fo procetd 
om:from Point to Point; ſtill repeating the whole Work for 
every Single Figure that comes into the Not. And if by Clare 
there be a Miſtake or Error committed in any one Figure (as ti 
poſſible there may) it ſpoils the whole Proceſs, which mutt then 
be wholly begun a new, or at Kaſt from thai Part of it where 

the. Error firſt entered. CSXY 0-4 | 

ea But the Nature and Deſgn of the Method which I have here 
laid down is quire otherwiſe ; it being fo contrived, as to gradual 
Leffen the Difference betwixt any propoſed Power, and the like 
Pozer of another Number afſumed ; viz. it Leſſens that Difference 
until it's either quite vanquiſp d, or become fo Infinztely ſmall as 
re-be Inſgniſica . | e 
Therefore when any Number is propoſed to have its Rott 
Extracted; it is here required to take the next neareſt Root 
Sf the firſt Period in the Neſolvend; that fo the Differenct 
betwixt the given Reſoſvend , and the Homogeneal Power 
(viz. the lile Power) ot the Root thus taken, way be Lo 
either in Exceſs, or Defect. Which Difference being reduced, 
o depreſſed Lower, becomes ſo prepared, that by plain Ds 
vifion ( comparatively) there will ariſe ſuch Quotient Figures 
| — 


4 


> © * 
> t 


as will both correct and inereaſe the firſt Root to Three places of 
Figures at leaſt, ſometimes to Four, or Five places of Figures; ac- 
cording as the ſaid firſt Difference happens to be More or Leſs ; 
(of which you may have obſerved Inſtances) : Bur yer there 
will be a Remainder left, and perhaps an-Exceſs or Defect in the 
Root ſo increaſed ; viz. in the laſt Figure of it. 


Now to reftifie the ſaid Exceſs or Defe in the Root, and W 


diſcover Whether the given Reſolvend be a true Figurate Number 
or not: That is, whether it bave a true Root of it's kind. It 
will be neceſſary to make a Second Operation; by taking the Root 


ſo increaſed, and proceeding with it and the given Reſolvend, in all 


reſpects as in the firſt Work (like to the Third Example of Ex- 
tratting the Cube Root) I ſay, if the given Refelvend have a true 
Root, it will appear at this Second Operation, and all the afore- 
= faid Differences, &c. will be vanquiſhed ; provided the Root requi- 
= red is not to have more than Three (or Four) places of Figures 
in it. | 197 


But if the Root be to have more than Three Fi ures in it; Or, | 


that the given Reſo/vend prove io be a Surd Number. Then there 
will be a Difference as before; which will afford Quotient Figures 
to Rectifie aad Increaſe the Roor laſt taken. to three times as 
many places of Figures, as it had at the beginning of that Se- 
end Operation, As you may fee in the aforeſaid Example 3. of 
the Cube Root; wherein that Roof is Increaſed ro Twelve places 
of b at Tao Operations: which if it were to be Extracted 

the eld (and ſtill common) way, it would require at leait Forty 
times the Number of Figures I have there uted. 
Again, if there chance to be a Miſtake committed in any Ope- 
ration per form d by the Merbod here laid down, that Miſtake 
will not deſtroy the precedent Work, but will be Rectified in 
the next Operation, although it were rot diſcovered before, And 
thus you may proceed on to a Third Operation, which will afford 
27 places of Figures in the Root. &c. with very little Trouble, 
if compared with former Methods. hs 

This brief Account, which | have here given, (by v of ex- 

plaining the Nature of thu Method of Extraiting Not:) being well 


conſidered and compared with the ſeveral Operations of the ſore- 
going Examples, muſt needs help rhe Learner to form ſuch an 


Idea of it, that he canno: (I preſume) bur underſtand how to 
proceed in Extradting the Root out of any Single Power, how high 
loever it be; without the help of an 4/gebraick Theorem. Not, 
but when that comes to be once underitood; the Work will 


be much readier and eaſier perform'd : As will appear in the 
next Fart. 1 | | 8 
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here inſerted, the whole Buſineſs of hy. 
tereſt and Annuities ; But finding that it would require too large 
a, Diſcourſe. to ſhew rhe Grawnds and Reaſons of the ſeverii Thee. 
n uſeful therein. I have therefore reſerved that Work fo 
the cloſe of the net Pare, Neither indeed can the Raiſing of 
Fee Theorems be ſo well delivered in Fords, as by an Alzebraig 
ay of Arguing ; which renders them not only much ſhorter 
but alſo piainer and eaffer to be underftoad, © 


I -have alſo Omitted that Rule in Arithmetick, uſually called 
the Rule of Poſition, or Rule of Falſe : Becauſe all ſuch <Rueſtimy 
as can be Anſwered by that Greſſmg Rule, are much better done 
by any one - who hath but a very ſmall ſmattering of Algebra, 
1 wall therefore conclude this Part of Numerical Arithmetick 
And proceed to that of Algebraich, Arithmttich, wherein 1 wouli 
adviſe the young Learner not to be too hatiy in paſſing from 
'one _— to another, and then he will find it very eaſily to be 
attained. 5 | 1 
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|1xTRODUCTION 


THE 


Rothematiths, | 
— TR 


Prot 
H * wrote 4 ſmall Tract of Algeba, perhaps it 


may ſeem to ſome,) very improper to write again upon the 

ſame Subject; but only (as the uſual Cuſtom #) have refer d 
m Reader to that Traff. However, becauſe the following Parts of 
thy Treatiſe, are managed by an Alpebraick Method of Arguing ; 
which may fall into the Hands of thoſe who have not ſeen that Tract, 
or any other of that Rind; I thought it convenient to accommadate 


the Tang Gomes with the firſt Elements, or Principal Rules, by 
= which 


Operations in this Art are perform d: That fo be may 
wet be „ Beſides, what I former- 


hy wrote. was. only a Compendium of that which is here full banded. 


at larpe. 

The Principal Rules are Addition, Subſtracion, ti; 
plication. Diviſion, Involution, and Evolution; as in com- 
mon Arithmetick (but differently perforra'd) : And therefore 
ſome call ir Algeb2atck Arithmetick. Others call it Arithme- 
tick in Species, becauſe all the Duantities concern d in any 
Queſtion, remain in their Subſtituted Letters (howſoever managed 
by. Addition, Subſtraftion, of Multiplication, KC.) withont being 


deftroy d, or changed into, others, as Figures in common Arithme- 


tick are. 


1 mg We call d ir ee paciola, ar Kein cx. 
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Concerning the Pethod o/ Noting down Nmantities ; ani 
Trating their Steps, &c, = 


| dect. 1. Of Notation. 5 
| T HE Method of Noting down Letters for Quantities, is v4. 
rious, according to every one's fancy ; But I thall here fol. 
| low the lame as in my former Tragt: And repreſent the Quan, 
ſought (be ir Line, or Number, &c) by the ſmall (a), and if 
more Quantities than One are ſought, repreſent them by the other 
final! Felt; e. 1. of 7. 
The given Quantities are repreſented by the ſmall Conſonant, 
+. c. d. f. g. &. 5 OD 
And tor Diſtinions ſake, mark the points or ends of Liner in 
all Schemes, with the Capital, or Great Letters, viz. A. B. C. D. 
Go. 2 | 
When any Quantity (either given, or ſought) is taken more 
than once, you malt prefix its Number to it; As 33 ſtands for 
a taken three times, or three times a, and 96 flands for ſew 


times b, &c. e 
All Numbers thus prefixt to any Quantity, are called Caf 
| cCeients, or Fellow- Factors; becauſe they Multiply the Quamit); 
| | , . | E 
0 And if any Quantity be without a Coeffcient, it is always fup- 
1:4 pos d, or underitood to have an Unit prefix d to it; As 4 is 10, 
. or b is 15, &c. | ANA 5 
1 I be Signs by which Quantities are chiefly managed are the 
= ſame; and tave the fame Signification, with thoſe in the Fiſt 
Part, Page 5, which I here preſume the Reader ro be very well 
acquainted wich, To them muſt be here Added theſe three more: 


1 tb 8 7 1 98 Involution. . 
— 14 Viz. 57 > the Sign of Fire or Eætracting of Noot. 
|| . 8 4 Irrationality, or Sign of a Surd Root. 
All Quantities that are expreſs d by Numbers only (as in Vu 
gar Arithmetick) are called Abſolute Numbers, mn. 
| Thoſe Quantities that are repreſented by Single Letters, ab, 
. b ©. d. &c. or by ſeveral Letters that are immediately joined 
Cer 3 As ab. cd, or 7d. &c. are called Simple or Single 


I whole Quantit ies. : 
Ii! + Bur when different! Quantities repreſented by- different or un- 
wy like Letters, are connected together by the Signs (+ or ); A 


a+6b. a—b. or ab + de. &c. they are called Compound 
4 whole Quantities. | And 


the next Operation. As a + b — d may ſtand thus 


cee in rhe Margint of the Work, according as the ſevera 


„ 
* : | 
x 
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And when Quantities are Expreſ7d or ſer down like Valgar 
4. 4246 4564 de | 


Fraftims, Thus Or - Or -— &. : 
they are called Fractional or broken Quantities, 


he Sign wherewith Quantities are Connected, always be- 
5 longs to that Quantity which immediately follows it 3 And 
therefore all the Quantities concern'd in any Queſtion, may 
ſtand in any order at Pleaſure, viz. the moſt convenient fot 


44 Or thus a —=d+b Or —d+a+b &c. theſe 
being ſtill the ſame tho differently placed. —_ 

That Quantity which hath. no Sign before it (as Generally 

the Leading Quantity hath not) is always underſtood to havs- 
the Sign + before it, As ais L 4 Or b—d is +b—4d 

Sc. for the Sign ＋ is the Affirmative Sign, and therefore all 
Leading or Poſitive Quantities are underſtood to have it, as well 

as thoſe that are ro be Added. . | 


* 


1 there is a neceſſity of prefixing it before that Quantity to which 
ir belongs, where - ever the Quantity ſtands, 
SGoeck. 2. Of Tracing the Steps uſed in bringing 
... Quantities to an Fquation, ' 
& The Method of Tracing the Steps, uſed in bringing the Quanti- 
ies concern d in any Queſtion to an Æquation, is beft perform'd 
by Regiſtering the ſeveral Operations, with Figures 2 plas 
; Opera- 
: tions require; being very uſeful in Jong and tedious ee | 


of the Two Quantites a, and b, the Work will ſtand, 1 
Thus 1114 Firſt ſex down the propoſed Quantities, 4 
265 and b over againſt the Figures 1. 2. in the 
Nr 2 Small Colum, (which are here called Ste 
3 — and againſt 3 (che Third Step) Set down 
& their Sum, viz, 4 - b. Then againſt chat Third Step, er 
| down 1 ＋ z in the Margin; which Denotes that the Quaxrities 
againſt the Firſt and Second Steps are added together, and that 
thoſe in the Third Step are their Sum. PITT I, 
To Illyſtrate this in Numbers, ſuppoſe 4 == 9 and b==6, Then 
it will be, f TEE DK ber PR 
Thus 11 4 — 9 | | n 
| 42 5 — | | ns WF 
| 1+2]31 aþb-=g9+6==15 being the Sum of 9 and 6, 


33 U Agde, 


* 


Bur the Sign — being the Negerive Sign, or Sign of Defed, 


For Inſtance : If it be required to ſer down, and Regiſter the Sum 
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- 20945 — — - — 
Again, If it were 9 4 to Set down the Difference of the 
jame Two Quantities, Then it will be, | 


Thus: |1|[4='9- - 4 3 
1—213la—b=—=9—6==3 the Diff. between 9 and 6 


Or if it were required to ſer down their Pda. 
Then it will be, EIT AY i 


* 


Thus lia =9: 
| 2 528 


1% 213[4xþ or ab= 9 x 6== 54 the Prod. of 9 imo . 


Norte, Letters ſet or jomd immediately together, (like « 
Word) ſigniſie the Rectangle or Product of thoſe Quantities they 
| Repreſent, As in the Laſt Example, wherein ab = 54 is the Pro- 
duct of a=9 andb =6, &., 0 
I. If Equal Quantities be Added to Equal Quantities, the Sun 
of thoſe Quantities will be qua. 1 9 
2. If Equal Quantities, be Taken from Equal Quantities, the 
Quantities Remaining will be egual,  ' ⁰ 
3. If Equal Quantities, be Multiplied with Equal Quantitic: i 
Their Prodnts will be ut. 
4. If Equal Quanties, be Divided by Equal Quantities, Theit 
Quottents will be equal. . . WP | 
J. Thoſe Quantities, that are Equal to one and the ſame 
Thing, are Equal to one another, | +7 


| Note, I Adviſe the Learner to get theſe five Axioms perfecth | 
Theſe things being premiled, and a perfect Knowledge of the 
Signs, and their Sipnifications being gained, the Young Algelre- 
iſt may proceed to the following Rules. But firſt I muſt make 
bold ro Adviſe him here ( as I have formerly done) that he be 
very Ready in one Rule, before he undertakes the next. 
* Thar is, He ſhould be expert in Addition, before he med: 
dles with Subſtraction; And in Subſtraction, before he undertak! 
Rican &c, becauſe they have a dependency one upon # 
nother. | | | 


CHAP, 


: | adjoyn the ann, wirh the ſame Sign. 


S HO EE 


haps . _ Addition 6f Quar Quantities. # 
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Concethilis the Sir * al fuſes, of Mort k 


Arithmetick, of hola Quantities. 


Selk. t. Addition of whole Quantities, 
Addi tion of whole Quantities admits. of Three Caſes, 


Caſe 1. If the Quantities are like, and have like Signs; 40% 
the Co- eſfieients or prefiæt Numbers together; and to cheir Sur 


Exam. 1. Exam. 2. Exam. 3. Exam. FR „ 


a BY, 5b — wc 
we loaf e eee 
2 


— — 


Exam. 3. Exam. 6., Exam. 7. 
1 ly a 34 — 5b| Gab F 12” 
222 ＋ 76] 24 —7b| 34b Þ 24 


4 149-313 54 +126 54 —12b 9465-36 


— —— — —¾. 


= The Reaſon of theſe Additions, i4 evident from the Wk of 
Common Arithmeticx. For ſuppoſe a, to repreſent one Crown, 


to which if I add One x rhe Sum will be Te Crowns, or 2 4. 
Ain Exam. 1. 
Or if we ſuppoſe — a, to nen the 1 want or debt of One 
= Crown, to which if another want or debt of One Crown be added 
| the Sum muſt needs be the want or debt of Two Crowns, or — 2 4; 
Ai in Example 2. And ſo for all the reſt. 
Eaſe 2. If the Quantities are alike, And have unlike Sion; 
Subſtratt the Co-efficients from each other, and to their Efirence 
jon the Quantities with the Sign of the Greater, | 


hrs. Exam. 9. Exam. 10.] Exam. 11, 

— 4 | 5a | - — gabd 
JET WES +34 | —6. ＋ 7abd 
1423 5.3 _ 5 ö — 2abd 
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Exam. Hor : 
a 74 36 — $4 e 
— — 54+7b| * + 1246 + 7b —24 
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a ; — 
"The Reaſon — the ＋ in 2 GC may be eafi 


T 


underſtood by any one that duly oonſiders the comparing of Stock 
and Debts together; ar he Hallaeing of Acoompts betwixt Debior 1. 


and Creditor. 

That is, The Affirmative Quamities repreſent the Stoch or Cre. 
ditor ; The Negro, 2 a repreſent the Debts ; And the 
Sum repre ents the Ballance, & cc. 

Caſe 3. When the Nein, are unlike, Ser them all down, 
withour altering their Signs ; and thence will ariſe compund i. 
Quantities, which can by no ochetwite Added bur” hide their 8 
Sy, Ns, KY | ; 
Ihus 11 4 [56+ 74 

216 J.— 44 — 20 


Fl 


17213 a +4|- a—b| L 


Hlere follow a a few Ecomples wherein all che 3 Cafes ar 
promiſcuou 6% concerned, 


be = 3b 4 be 27 
e 


— 44 74 — 74b -A — 64 
aa — 2ab + 1 bb WEE 1556.9 


5 EE 7 . 7% 747, 
1+213 | 


„ 
1. 


. — LED = Fa 


v3 vals pts 
b abby). . a 1 

* 4e bf 
4215 41 


PE. . 
14 A ja 
21] 2bb — 344 — 2abe— 25 
31 dd + 24a — 3abe — 3 


i + 253 4 + ad ++- 244 E130 


Sec. 2. Subſtraction of whole ty, 
Subſtraftion of whole n. is perform d by one Generd 


Rule » 
Aule. 

Change all the Signs of the Subſtrabend ; (viz. of thiſe Quantitics 
ich are to be Subſtracted) or ſuppoſe them in your mind to be 
Changed. Then Add all the Quantities together, as before in Ad. 
Gion, aul their $ Sum will be the true Remginderor Difference 1 


_—_ 


hap: 2. Subſiraition of Quantities. 149 

This General Rule is deduced from theſe evident truths. a 8 
Io Subſtract an Affirmative Quantity, from an Afirma- 
Woe; is the ſame as io Add a Negative Quantity to an Aſfr- 
Wars 1 
That is T 24 Taken from + 3a is the ſame with — 24 
W4dded to ＋ 34. <>. SEEN 
W Conſequently, To Subſtratt a · Negative Quantity from an 
native; will be the ſame as to Add an Affirmative Quantity 
Pan Affrmati ve. 5 lo | 
That is — 24 Taken from ＋ 3a will be the ſame with 
WH 24 Added ro T 34. Ss yo Dae es 15 | 
: Exam. I. I Exam. 2, q Exam. 3. | Exam. 4. 
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Exam. 5. | Exam: 6. | Exam. 7. 
Ji} 54+ 12b| 5a—12b| gab + 36 
5 2 24 + 70 24— 7b] 3ab + 24 
2131 32+ 561 34 — 5 6ab + 12 
: Exam. 8. Exam. 9, Exam. 10. | Exam. 17. 
1] +24 || — 24 bg 41. <24abd 
I 2] —34 |+3a | — 6c ＋ 7abd 
213 TI 54 — 54 Ile — gabd 
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Exam. 12. Exam, 13. 
i] 22 ＋ 256] 4a — 9 
- 2| 54+ 7b] — 8ab —q7Tbc+15 
W—2i3l 74 — 5b] 124b ＋ 7be—24 


If theſe 13 Examples be Compared with thoſe in Addision; 

the Work will appear very evident, rheſe being only the Converſe | 
or Proof of thoſe; according to the Nature of Addition and Subs 

ration, in common Arithmetich, 


More Examples in Sulſtradt ion. 
| : a rb] le + 34a] 84 T bd 25 
Jes 


2]/a—b $be 4da 74 — 3d — 12 


L + 7dal aÞ bd + 37 


— 
* — 2 m — — * ———— ꝶ——n Jes. — —— ——— 


1— 2 


T melons — 5 
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c + 13 | 4 | 8 
125 W E 40 24 — 4b 
1 — a—b] —24 + 4b 


12414 


þ 44 b — 54 | 
1—213 r W 


That, a — b Taken from 4a Leaves + 2b * 
the Remainder; as in the firſt of theſe Examples, may be thus 
proved. 

Let fi] a+ b= Z 

And 2] a —b=x 
2 + bil a=x+b. per Axiom 1. 
1— 314 J per Axiom 2. | 
4 + b 5] 2b ={— x. which was to be proved. 


The Truth of all Operations in Subſtraction, where any doubt 
ariſes ; may be proved, by Adding the Subſtrabend ro the FR 
der; As! in common Arithmetick. 


| Examples | 
From iI Þg5al of =gbe 
Take | 2] — " ＋ 3b ods 2 Subrrabend 
1— 213 2 — 2þ + 6da — gbc| N. Remainder, 
233141 Foal oj © —oeet Pro 


Seck. 3. Multiplication of whole Quantities. 
Multiplication of whole Quantities Admits of Three Caſes, 


Caſe i. When the Quantities have like Signs, and no Coefficients, 
ſet or joyn them together; And prefix the Sign T before them; 
and that will be their Product. 


Exam, 1. Exam. 2.| Exam. 3.] Exam 4. 


i] a — 4 ab | —a—b 
Thus J 215 13 4 * — 
15213 40 . ad ＋ 501 E 


Caſe 2. If there bet Ceefficients ; ; Multiply them, and t0 their 
Product Adjoin the Quantities (et together as befose. 


Thys 


151 
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— — a — — — 
e 
es > 5 lene Bw, . 7 
— — = — — - A. * 

. a as LEES 


— — 2 2 2 4 — 1 

= Derr — 
— RN —.— 

2 Di 


1 7 5 5. Exam. 6, Exam. 7. Exam. 8. 


| \- oe oh GA 26 1-30] 4k þb 
Thus Q |, 2| 20 1 * * 


142 31 15ab _ 1 + 4246 18a-F12þ 5ab + «bb 


Caſe 3. When the Quantities have unlike Si 2 ; Foyn them 
and the Product of their Co-efficients together (as before) But pre- 
fx the Sign * before them; . 


> 9, | Exam, 10.| Exam. x1, | Exam, 12. 
— 6d 44 —76 44 — 70 
nl 7D . 
12131 — 5 — 42db l12af—2 bf [:2afÞ21bf 


That is, ＋ into 4 or — into — gives +). 
Bur ＋ into — or — into I gives — 2 in the Product. 


That + into into T will Produce T in the Product 
s erident from Multiplication in Commen Arithmetich, 
„un. into | 7 will give ＋ 35 Sc. 
"4 hor ＋ m0. or 2 into + ſhould Produce the 
sign — . As in the four laſt Examples. 
And that — into — ſhould produce the Sign + As in the 
Secmd, Fourth and Sixth Examples, may perhaps ſeem ſomewhat 
hard ro be Conceived; and requires a Demonſtration. 
Fa, to prove chat — 7b into +3f=— 21 H. As in Exam 11, 


eral 5 4 — lo 


Then will == 7b, per Axicm 1, 


Bur! 3 ＋ 27 = = T: 37 
2 3.4 1247 = 21 bf per Axiom 3. 
M4 — 210f) | I2af — 21bf Do per Axiom 2. 


Conſequently I into —, Or into I Produces — - which 
was the thing to be proved. 


Seeondly ro prove — 7b-into — 3f gives —+ 21 bf as in Exam. 12, 


Ler| x 44 — 7b ee . 
Th aſa 4a = -b * 48 before 
But f 7 237 
tbe 2 * 3 j8[4] — 12af =— 21bf by what is proved above 
2117 — 12af ＋ 21bf o. per Axom 1. 


Conſequently — into —- gives ＋ which was to be proved. 


” Or 


— — 


my ˙ PIC oe 
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Br thkeſe may be otherwiſe proved by Numbers. LY 
ge . 4 20 . 
Thus, ſuppole 15 = 14 and? 1 8 wn other Numbers, 
Then a—b= c—d—= 4 per Axiom 2. 


Conſequently, a —b * c—d==6 x 4 == 24 per Axiom. 
but a —bxc d according to the Precedent Rules, will be 
ac ch + bd — da, which if true muſt be equal to 24. 


roo | 
P F 111 4 =Þ 0 =i6 


— 


Hence, ac - b4 = 352 per Axiom 1. 
And c + da - 328 which being Subſtracted 
Leaves ac + bd — << — da = 352 — 328==24 which plain. 
ly ſhews. | | ; 
That — into — Produces — M . 
And — into — Produces + T ® the Product. 


Q. E. D. 


Note. If the Multiplier conſiſt of ſeveral Terms, then ere. 
ry one of thoſe Terms muſt be Multiplied into all the Tem. 
of the Multi plicand: And the Sum of thoſe particular Pri 
dufts, will be the Product required. As in Common Aritl; 
meticl. e 2 


ad, Md 


Examples, 
a+b—d 76 54 
t * 4/3 4 ＋ ba —da | 21bs + 154 | 
EM 190 r 
3 ＋ 415144 — da — bb + db 21ba + 344 — 35bf — 254 
hr} aa—tba 20 — 3d 
2] a4b | 24a—4 8 
3. + 213 aaa — abb | &ca — 94a — doc + 12db _ 
[1] aa 24 ＋ 4 aa — ba+ bb 
$1 fS—J- 4 
aaa +- 2aa ＋ ga aaa — baa + bba 
| __—- 244 — 44a —8| .+ baa—bbi— bb 
1x 213} a2 =8 Tulum 


Wy 


Chap. »- Diviſion sf Duantities. 
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Se. 4. Diviſion of whole Quantities. 

' Diviſien of Species, is the converſe or direct contrary to that 
of Multiplication, and conſequently perform'd by converſe 
Operations. (As in common Arithmetick) And admits of Four 
Caſes, 5 

Caſe 1. When the Quantities in the Dividend, have like Signs 
to thoſe in the Oiviſor, and no Co-efficients in either; Caſt off or 
Expunge all the Quantitzes in the Dividend, that are like thoſe in 
the D:vi/cr ; and let down the other Quantities With the Sign 


for the Quotient required. 

I} ab —ab | ad+bd | —ad—td 
Inde 5 34 = | d wy 9 MED 
145.2134 --4-- 4 8-1 4-9 -1 ab & 


Caſe 2. When the Quantities in the Dividend, have unlike Sipns 
to thoſe in the Diviſor ; then ſer down the Quotient Quantities 
found as before, with the Sign — before them g 


2 
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'S 
MN 
4 
1 
T7 
os 
1 
iN 
is 
is 
1%% 
i 38 
: 4 
; 1 
1 
38 
149 
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. * 7 
1 
1 
i 29 
: 73.8 
: 440 
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| * 
b 
+ 3 EY 
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i fab | —ab— bd] ale bed f bef 1 

, Thus 14 h | bi 
8 2 —b 5 — 4 * — 11 . 
ETC (|. 

1 2— — — U—„— | AM 
Je | 3 a 4 
4 0 | - * # 3 9 0 5 340 
Caſe 3, If the Quantities in the Dividend and Diviſor, bl 

have Co efficients ; Divide the Numbers (as in Common 4. 1 
rithmetick) and to their Qtient Adjoin the Quotient Qanti- "nn 

tities. | 55 TE | 8 7 

T 1 154b | 42 4b | 12af —216f i 

2 1 Ja} $47 —64" 44 — 76 1 


Note, When the Quantities and Co-efficients in the Divi- 
ſor and Dividend are all the ſame, the Quotient will be an 


ne {| 2| 
| 1 | 


1 1 1 1 
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She | 7a Shel 345 4-44. 
9b 1-2 5bc _—8ab —ad. 
2 | 
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Caſe 4. When the Quantities in the Diviſor cannot be exactly 

found in the Dividend; then ſet them both down like a Vulgar 

Fractions AS itt Common Arithmeticks aa TAP, 
Thus 


obe 56 ＋ a | 8 ade 


34 5d-4-7b 4abe 
e | od 
4 | 5d4+7b | b 


_— CO ——— 


| N. B. In Diviſion one ching muſt be very carefully obſers'4 z 
' viz. that like + os gives + and unlike Signs gives — in the 
| Quotient; which needs no other Prof than that already laid dam 
in the laſt Section, if duly compared with what hath been ſaid c. 
cerning Multiplication and Diviſion, in Vulgar Arithmetich, 
| Examples of Diviſion at Large, | 
| 1 r]21ba+þ15da— 35# — 25% (+34 
| | 2|75 +54 EEE 
| 2X 34 3 210 C14 FL | 
I—3] 41 9 o — 35bf—25df (—5f 
2x—5f] 5 =. 


3 J i __ : 1 
12 2 | 7] 24—+$f the Quotient collected from the 3d and sth. 


| e 

Or Diviſion of Quantities may ſtand as Numbers in Comme - 

Arithmetick-do ; Thus — 5 | E: 

34 —6) G -= e (ꝛ2aaa P44 C84 16 N 

64444 —12444 pe, : 

% Iz 1 
+12444—2444 


Y — — * * * 


0 +2444—96 m 
244-48 th 
0 +qba—gs | 
+48a—g6 an 
0 


That is, 64444a—96 5-34—6 gives 244 ＋-444. LGA +16 u, 
the Quotient, as may eaſily be proved by Multiplication, vi 7 
2aan +4aa+84Þ+16 * 3a — 6 will Produce 64%—96 and o 
for rhe reſt. 18 
Sect. 5. Involution of whole Quantities. 
Involut ion is the Raiſing or Producing of Powers, from am pro I 4 * 
poled Root, and is performed in all reſpects like Maltiplicatim i + * 
fave only in this ; Multiplication admits of any different Faftor, 1 
bur Invoſutiien (till Retains the lame. 


* * — * 520 


Exarv 
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| Examples. 
114 |—4 | the Rot, or ſingle Power. 
10 2 2 PRs +42 os | 7 Square, or ſecond Power. : 1 
103 31aaa | —aas | Cube, or third Power, | . 


| 1G 4| 4 [4444 | +agaa Ts | Biquadrat, or 4th Pamer. 
105 Sa | —aaaaa Surſolid, or 5th Power, &c. 


Note, The Figures placed in the Margent, after the Sign ( 
of Involution ; few to what height the Root is Involved; and are 
called Indices of the Power ; and are uſually placed over the Invotved 
Quantitzes, in order tocontraft the Mork, eſpecially wh:n the Powers 
are any thing high. ; | 


. 4 — aaaagd 
| „ * 
k a* —aa 4 — aaaaaa | 
Tm Y = - AY Fj eee 
a* —aaas a* bi di = aaabbdddd & c. 


fe the Quantities have Coefficients, the Co-efficients mult be In- 


' WW wed along with the Quantities. As in theſe. | 
“Thust z« |— 3s | gbe 1 
10 2/2] 444 | + gaa _ 25 b beo 1 
10 3 8444 — 27444 | 125bbbcee | iq 
10 4% G | +B81aaaa 6256* cf 
| 1G: 55 3244444 | — 2434 | 312565 c5 &c. 


| Ivolution of Compound Quantities is performed in the ſame 
manner, due regard being had to their Signs and Coefficients, if 
| there be any. 


| As for inſtance, Suppoſe a+b were given to be Involved to 
| the 5th Powers | . 
Thus | 1 77 called a Binomial Root. "li 
| He | þ , 
'W 1x4] 2 4a Ca | ENS 1 \ 
ez 4 44 P24 C the Square of 4 ll 
| a +b | Th 
„u, S ama PZaa + abb i 
„ 4 | 5 + a4b þ2abb+bbb ll. 
M03 | 7]aaa +3aav 3a Ybð the Cube of «Þ? j l 


7 XR 2 4a iff 
ill 
| 


A—. 


2 "© dee LD — n ROY 9.0 PPG - 


— OI r i Mae. 
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7] aaaÞ-3aab4-3abb+bbb_ 
a 


7Xa| e T3aabb- abbb 
7xb1 oi + a b+3aabb+34!b»+b8 
18·40 F | 
1 EI RES 

10 Xxail I 7-408 -S EAA + 4b. 
10 * 5412 ＋ a4 5 4 ⁵bb +6aab3 Fgabt + bs 
16513] a 5 6+ roabb+roab? a , 


_— 


Again, Let a — b called a Reſidual Root, be given. 

Then ln 2-14 | 

1 * 2j aa — ab | 
1x—t} 3 — ab+bb . Cs 

1-2) 4% 4 W the Square of 4 — 
ON A SN aa | 

AX a 50 444 — 2aab E abb 
H 6 — aab + 240 — bbb e 
1G-3j = aaa — 3aab + zabb — bbb the Cube of a—b 


4— 6 


— — 


2 


7 Xa; 8 aaa a 34aab I zaabb — abbb | 
Tx 5] ___ 444+ $44bb —— 3a6bb {> bbbb 
16-4 c 4444 — gaaab * G4 — aabbb + bb | 


| n 


r 


] OXaql 45 — 44. + 643 bh — 4aa03 1- 40 | 
1o0x—tljiz} — 44 b 4. 44 bh — 6.5 2 4ab? — 6 
10-5413] 4 — 54% C10 — 1tpaabs+ gabs — b S 

4 — 1 &ec. | | | B 


By comparing thele Two Examples together, you may make n 
the following Obſervations. | a 

1. That the Powers railed from a Reſidua! Root (viz, the Dif IM 7 
rence of Two Quantities) are the ſame with their lihe Powers ral 8 0 
ied from a B:1nomial Rot (or the Sum of Two Quantities) (me MW | 
only in their Signs; viz, the Binomial Powers have the Sion jul e 
every Term ; but the Reſidual Powers have the Signs 4 and - 5 
interchangeably to every other Term, | h 

2. The Tudices of the Powers of the Leading Quantit N 
fa) continually decreaſe in Arithmetical Progreſſiun; viz. in 


Kio 


Cube b, bb, bbb 


| alſo) of every Single Power, how high ſoever it 
| or 1 (which neither Multiplies nor Divides) and all the Powers of 
| any Binomial or Reſidual Root are naturally raiſed by Multiplying 
| ofthe Precedent Power into its Original Root, which is done by on- 
| ly joining each Letter in the Root to the Precedent Power, with its 
| Uncie, and then removing the ſaid Power, when it is {o join d to 
| the Second Letter, one place forwards (either to the Left, or 
Rab: Hand) it muſt needs follow, 
hat the Uncie of the Second Term (in any ſuch Power) will 
always be the Sum of ſo many Units Added together more one, as 
| there hath been Multiplications of the firſt Root; which will al- 
| Ways be determined by the Index of the firſt Term in the Powor, 


hap. 2. Juvolution of Quantities. «157 

— ICT as | a — * 
the Square it is aa, 4 In the Cube aaa, aa, a In the Biquadrat 
il is 4444, aaa, aa, 4 &c. IR 


3. The Indices of the other Quantity b do continually increaſe | 


n Arithmetical Progreſſion ; viz. In the Square it 13 , bb In the 
fn the Biquadrat it is b, bb, bbb, bbbbh &<c, 
4. The firſt and laſt Terms, are always pure Powers of the 


| ſngle Quantities, and are both of the ſame heighr, 


5, The Sum of rhe Indices of any to Letters joined together 


| in the intermediate Terms, are always equal to the Index of the 

| bigh:ſt Power, viz. of the firſt or laſt Term. | 
Theſe Obſervations being duly confidered, it will be eafie ro 

Conceive how the Terms of any propoſed Power raiſed from a Bi- 


| wmial or Reſidual Root muſt ſtand, without their Vnciæ or Nu- 
| meral Figures, | 


For inſtance, ſuppoſe it were required to Raiſe the Binomial 
Root ab to the Seventh Power; then the Terms of that Power 


| will ſtand without their Uncia's in this Order. 


| Vie „ b+o b +a b wb C*b ba Kb 


And becauſe rhe Uncie (not only of any Jingle Letter, bur 
e, is an Unit 


And becanſe the Uncia's of all the intermediate Terms, are onl 


{ removed along with their Letters, ir alſo follows; that if they 
| are Added together, their reſpective Sums will produce the true 
| Uncia's of the intermediate Terms in the new Riiſed Power, As 
| doth plainly appear from the following Numbers ſo removed 
without their Letters; which both ſhews and Demonſtrates an 


eaſie way of producing the Uncia's of any Ordinary Power (viz. 


4 one not very high) Raiſed from either a Binomial, or Reſidual 
ot; | x 0 | | 


Thus 


47 


8 


— — 
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2 —-„— 1 * 1 


The two Uncia's of the firſt Root. 


The'Uncia's of the Square, 


I The Uncia's of the Cube. 
| 33 3 wo - | 

| 1 21 „6 i % The Uncies of the ath Power, 
Add 4 „ 


£44 5 «I© 10 5:5 5 1 | 3 
| Add 4 1. 5 10 0. 5 1 Uncia'sof the 12 Power, 


1 6 .15 20 43% "7 Uncia's of the 6th Power, 
Add 4 6 15 20.15 6 . 1 


1 . 7 . 21.35 -35 21 . 7 . 1 Dnciæ of the tb Pan: 
And ſo on in this manner ad Infinitum. | 
Now if theſe Numbers are prefix'd to the aforeſaid Letters, al 
the Terms will be cempleated with. their reſpective Uncia's, and 
will ftand thus; 1 ekes | 


47 +14 21 + 354%Þ ＋ 35004 + 219%5 + nab 4} 


But that the buſineſs of finding theſe Uncia's, may be rendered 
yet more cafie for P/ actice, it will be convenient to conſider what 
Series or Progreſſion, the Uncia s of each Term do make, from the 
aforeſaid Additions, | 


SES [ZpjZEjSgſES|EEEC 
[SE [SE [EE bbb 
CLINE ELIE SIG: 25S 
S [IS ss ESS se 
See 
- 25 5 „ eee Vacid of the fingle Quantim, 
S . . . . Vac of the Square, 
OL OLI . Uncia's of the Cube, 
1 . lah |, Vncid's of the 4th Power: 
. . e. fe. . sf.) ... Vncia'sof the 5th Power: 
Sy 6 KASKIENDS 6 | | |___ Vucia's of the Gth Power, 
1 7 21 1355 21 7 i Vuacia's of tha 7th Power, &c. 


The Uncia's of the firſt Term is only a Series of Units, whole 
Sum is every where the Uncia's of the Second Term, 
The Uncia's of the Second Term, is a Series of Numbers in 


Arithmetic Progreſſion ; whoſe Sum is every where the Uncie of 


the next Superiour Power in the third Term, and may be found 
by Propojiczon 1, Chap. 6, Part 1, That 


ra | 


1 
v . Me th. 
* "a. — 


a — | * — — 
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hat is, in the 7th Power it will be the 6 - XS. 
Unciæ of the Third Term. 8 

The reſt of the Uncia's are a Compounded Series, whoſe re- 

| ſpective Sums may be obtained from the Uncia's of their prece- 

| dent Terms. | | 


I 


1 
21 * 2 
From hence may be deduced this General Rule. 


Rule. 

If the Index of the firſt Letter of any Term, be Multi pliad into its 
| own Uncie, and that Product be Divided by the Number of Terms to 
| that place; the Quotient will be the Unciæ of the next ſucceeding 
| Term forward. | | 

| Thar is, by the help of thoſe Indices that belong to the ſeveral 
| Powers of the firſt or leading Letter only (as a) the true Uncia's 
| of every Term may be ealily found. . 


-- SENN . 35 * 35 * 


8 | Examples. | 
Let it be required to compleat all the Terms of the aforeſaid 


| ſeveral Powers ;viz. a7-þa% +a'b* ba +aibt4 ab +absob7 


with their proper Uncia's. 


| 1. The Index of 4? the Firſt Term will be the Uncia of the 
| Second Term, Thus 47 - 5 
2. Then baff the Second Terms Index into its Uncia, 


1 1 t will be the Third Terms Uncia. 

| Thus 2 C7 C ZI will be the three faſt Terms, 

| 3. Again * — 33 is the Uncia of the fourth Term. 
Then it will be a'-Þ74\b C214 +3 54%” 


4 And 270 F 35 will be the Uncia of the fifth Term; 


Then 2 TC +21 a5b> +35a%3 +354/b+ Ge. until all 
the Terms are compleated with their feſpective Uncia's ; and then 
they will ſtand | 


Thus 4 +14 b End Þ + 338 Þ +350 + 
Tall f gal: -K be. 2 


Now 
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Now here it may be further obſerved, that the Uncia's do nl 
inereaſe until the Indices of the two Letters become equa, 
change places; and rhen the reſt of the Vncias will return 9. 
decreaſe in the ſame order. That is, wherever the Indices of the 
Letters are alike, there rhe Uncia's will be alike. 

And therefore one needs to find the Uncia's (as before) but y 
half che Number of Terms in any Power. | | 

If what hath been here ſaid, and the Work of the Example be 
well underſtood, I preſume it will be found very eaſie to Raif 
any Peer from a Binomial or Refidaal Root, to what height you 
pleaſe ; without the trouble of a continued Involution 3 and with: 
out the help of ſuch a Table of Powers as is propoſed by 

Mr. Oughtred in his Key to the Mathematicks, Page 40. and fince 
by others. 8 

Now from theſe Conſiderations it was, that I propoſed this 
Method of raiſing Powers in my Compendium of Algebra, Page 51, 
as wholly new (viz. ſo much of it as was there uſeful) having 
then (I profels) neither leen the way of doing it, nor ſo much x 
heard of its being done. Bur ſince the writing of that Traci, | 
find in Dr. Wallis's Hiſtory of Aigebra, Page 319 and 331, that dt 
Learned Mr. Iſaac Newton had diicovered it long before: whict 
the Doctor (ers down in this manner, e 


r 


894 . Q MLA. 


Ler m be the Exponent of the Power. 


| ; M—Oo m—1 M—Y Mz m—4 
Then Y IX—— X—— X —— X —— X —— Ge. 
5 z J 
Will be the Series of che VUncia's required; but he doth not tel 
us how they came 10 be firſt found out, nor have I ever met wil 
the leaſt hint of it in any Author. | 


Se. 6. Evolution of hole Quantities. a 


Evolution is the Extraftivg of Roots from any given Pe, 
That is, it is the Converſe Work to that of Involution, and in 
Single Quantities its eaſie, if the given Power have ſuch a Root # 
is required, which may be thus known. 5 | 
If the given Power have no Numbers preſix d to it, and its Inder 
ean be Divided by the Index of the Root required, the Quotiew 
will be the Index of the Root ſought. RE! 
Thus, If the Cube Root of aaaaaa viz. a5 were required (it 
Index of the Cube is 3) then 3) 6 v That is 3) 4 ( 
the Root required. And ſuch Operations ate uſually ſer down: 


Thus 


el 
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Thus | 1 3 
Eri 2 J | /Emaaga | a/2 1 6bbbddd 
Iw3l 301 %% 
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! OFE. 
ö 
1w 3 30 aa aabb aabbdd 
3w 2 4l a | 18 ab | abd 


— — — 2 


7 


Note, the Figures placed in the Margin after the Sign (un) of 
Evolution ; denote the Index of the Root to be Extracted. 

If the given Powers have Co-efficients : (viz. Numbers prefix'd 
to them ;) then you muſt Extract their reſpective Roots as in 
Vulgar Arithmetick. | | 


Thus | 1 814. [12962 | 20736:*4c 

Iw2|2 | 9422 | 36a%* | 144aabbee 

I w 4 | 3] 3: | 6aabb | 12 be 
Or 2 u 2 J 4 | 6 E ©. 32800 


Bur if the Root required cannot be truly Extracted our of both 
the Co-efficients and Indices of the given Power; then it is a Surd, 


and muſt have the Sign of the Rot required prefix'd to it. 


G | 216bbbddd 


—hl—1Ä2— _—_—_—_— 


J, | 661 


Y —— 
22 


Evolution of Compound Quantities or Powers, is a little more 


| troubleſome than that of Singe Powers; and would require a 


great many words to Explain the manner, and Reaſon of form- 


ing the ſeveral Canons, that are commonly uſed in Extract ing 


the Roots of Compound Quantities ; eſpecially if the Powers be 


| very high, &c. I ſhall therefore for brevities ſake omir them, 

| and inſtead thereof propoſe an eaſie Method of diſcovering the 
| Roots of all Compound Powers in general; and in order to thar, 
| it will be neceffary to premile ; that if either the Sum, or diffe- 


rence of ſeveral Quantities be Involved to any Power, there will 


| ariſe fo many ſingle Powers of the ſame height, as there are diffe- 


rent Quantities. | 

As for inſtance, if a+bJd be ſquared ; that is, be Inroloed 
to the Second Power, it will be aaa AU +2adbb-2bad=dd, 
here you have az, bb, and dd. 

Again, if a + b + d were cubed, viz, Involved to the 
2 Power, then you will have aaa, lbb, and did, in 
K, Oe. | 

> | Whence 


. . — Wo — — > 


— 
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Whence it follows, that in Extracting the Roots of all Com- 
pound Quantities, thete muſt be conſider d, Le | 

1. How many different Letters (or Quantities) there are in 
the given Power. | | 

2. Whether the ſingle Powers of each of thoſe Letters be of an 
equal height, and have in them ſuch a ſingle Root as is required: 
Which if they have, Extract it as before. 

3. Connect thoſe ſingle Mots together with the Sign - and 
Involve them to the ſame height with the given Power; that be- 
ing done, compare the new Raiſed Power with the given Piper, 
and if they are alike in all their reſpective Terms, then you have 
the Root required; or if they differ only in their Signs, the Rut 
may be eaſily corrected with the Sign — as occaſion requires. 

Example 1. Let it be required to Extract the Square Root of 

cc 2c — 20d bb — 2bd | dd. 0 
In this Compound Square there are Three diſtinct Powers, vin 
bb, ce, dd, whole ſingle Roots are b, c, d, wherefore ] ſup- 

poſe the Root ſought to be b + c-þ d, or rather bc- 
becaute in the given Power there is — 2cd, and — 2bd, there- 
fore I conclude it is — d, then H= dbeing ſquared, produce 
bb + 2bc— 20d + ce — 2cd + dd which I find to be the ſame 
in all its Terms, With the given Power, although they ſtand in a 
different Peſition 3 conſequently e- d is the true Ru 
required. N „ 

Example 2. Tis required to Extract the Square Rot of 
a4 — 2aabb % Here are but two ſingle Powers, viz. a,, 
and 4+, whole Square Rocts are aa, and bb. And becauſe 
in the given Pewer there is — 2aabb, therefore I conclude it 
muſt either be aa — b, or bb — aa. Both which being In- 
volved, will produce 4 — 2aab b conſequently the Rot 
| fought may either be aa— bb or b5— aa according to the u. 
ture or er of the Qu:ſtion, from whence the given Power was 

roduced. | | . 
: Example 3. Let it be required to Extract the ſquare Root of 
36aaaa + 8 + 81, Here the Two ſingle Pi wers are 364444, 
And 81, whole Roots are G and 9. And becauſe the Sip"! 
are all A therefore I ſuppoſe the ot to be 64a + 9 the which 
being Involved doth produce 364 þ 10844 + 81, confequenily 
624 45+ 9 is the true Root required, 5 

Examfle 4. Suppoſe it were required to Extract the Cube 
Root of 1254 E 3 coe — 45014 + 25e — 720de + 


+ 4 cee + 5404 — 25800 1 4320 — 216, 
os In 


Chap 2. Ev 


> a 1 


In this Example there is Il re diſtintt Powers, viz. 125444, 
64ece, and — 216. | | 


The Cube Root of 125444 is 54, Of 6geee is 4e and the 


cube Root of — 216 18 — 6. 


Wherefore I ſuppoſe the Root ſought ch be 3 . gb =—c- 


which being Involved to the Third Power, does produce the ſame 


with the given Power, conſequently 54 ＋ ge — 6 is the Cube 


Noot required. wo | | 

But if the new Power, raiſed fram the ſuppoſed Root (being 
involved to its due height) ſhould not prove the ſame with the 
given Power, Viz. if it hath either More, or Fewer Terms in 
ir, Cc. Then you may conclude the given Power to be a Surd, 
and muſt have its proper Sign prefix d to it, and cannot be other- 
wile expreſs'd, until it come to be evolved in Numbers. 

Example 5, 1 5 oh it were required to extract the Cube 
Root of 274 J- 54ban + 8/ bb. 

Here are Iwo diſtinct and perfect Cubes, viz. 27 144, and 8bbb, 


| whoſe Cube Roots are 34 and 26. 


Wherefore one may ſuppoſe the Root ſought to be 3a ＋ 26 


| which being Involved to the Third Power, is 27444 ＋ 54baa {+ 


36bba + $bbb, Now this new raiſed Power hath one Tim 
(viz. 366b1) more in it than the given Pceer hath ; bur this be- 
ing a perfect Cube, one may therefore conclude the given Power is 
not ſo, 072. it is a Surd, and hath not ſuch a Rot as was required, 
but muſt be expreſs d or jet down, 5 


— —— — — 


Thus / 74 T 5 ＋ 8 
If theſe Examples be well underſtood, the Learner will find 


it very eaſie by this Method of proceeding to diſcover the true Root 


of any given Power whatloever, 


| — 


CHAP. III. 


| Of Algebzaick Fractions, or B2oken Quantities. 


Se. 1, Notation of Factional Juantities. 


Frational Quantities are expreſs'd or ſet down like Vulgar 


Fractions in common Arithmotich, 


a 2b 5% — 42 Nunvrators, 
Thus — 2 — f 
b 4 444-76 Denominatory, 


Y 23 How 
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1 
I 


N 
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| "Mato hey © come to be lo, fee Caſe 4, in the laſt — of Di. 
viſion. Theſe Fractional Quantities are managed in all reſpe&; like l 
Vu'gar Fractions in Common Arithmeticl. | 

Sect. 2. To Alter or Change different Fractions in- 
to one Denomination, retaining the ſame value. 8 


Rule. 


Multiply all the Denominators into each other for a new Denon 
nator; and each Numerator into all the Denominators but its on, 
for new Numerators, 


e 


| b d into one Den 
Let it be required to bring "of = and .— aig 


Fioſt a e, and d xb, will be the a and by; 


C4 
will be the common. Denominator, VIZ. . . and de are the 


| 3 e 
Two hatta required. That is T* 7 and TET 


b & =, d- be brought into one Denon 
Again, let 1 and 3—4 = nation, 
And they bb Þbe—bd 4 4 ad—ac4-bd—hc Ke. 
will be Us +bb—da—bd © baÞbb—ad—bd 


Sect. 3 To Bing whole Quantities into Fragions 
olf a given Denomination. 


Nule. 


Multiply the whole Quantities into the given Denominator, for a 
Naumerater; under which ſubſcribe the given Denominator, and qu 
will bave the Fraftion required. 


Examples. 
I] it be required to briug a ＋- into a Fraction, whole D- 
nominator is d — 4 Fiſt a E UHXxd - a is da + Bd — adn; 


da * d — aa — ba 
Then — "4a ke 1s the Fraftion required. 
bbs. 4 
Again b+— will be — . And 7 will be 


3 bb | 
2 25 Alſo 1 mill be 5 


_—__ 
— 
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When whole Quantities are co be ſet down Fraction. wiſe, ſub- 
a ſcribe an Unit for the Denominator, 
E 44 — bb 


| | 
5:2. 4. To Abbzeviace or Keduce Fractional Quan- 
tities into their Loweſt Denomination, 


. LY | Aule. 


P 


b ; 
This 45, 18 7 lad „ 3. 


&c. 


| aac aa abbb 55 
- Thus 77 Be And a 


In ſuch ſingle Fractions as theſe ; the common Diviſors (if there 

be any) are eafily diſcoverd by inſpect ion only ; but in compound 

Fractions it often proves very troubleſome, and muſt be done ei- 

| ther by Dividing the Namerator by the Denominator, until no- 

| thing remains, when that can be done: Or elle finding their 

common Meaſure by Dividing the Denominator by the Numerator, 

and the Numerator by the Remainder, and ſo on as in Vulgar 
"I Frattions (Sef. 4. page 51.) 


„ Examp'es. | 
a Ws : 
| Suppoſe. —— were to be reduced Lower, 
Then cd dd) aac — aad (7 the Fraction required, 
1 aac — aad - ei | 
Has % — a rg 


In this Example it ſo happens that the Numerator is Divi- 
ded juſt off by the Denominator ; but in the next it's other- 
wiſe, and requires a double Diviſion to find out the common 
Meaſure. Viz. Let it be required to Reduce aaa — abb 


Too Moti g a ER 
„ fFirk 44 ＋ 2ab + bb) aaa — abb 6 
l 3 aaa + 2aab Tabl. 


— 244 —2abb the Remazinder 


Then — 24a — 2abb) aa 2ab + bb ( 1 0 
4 E ab r 

"75. ap $4 tb 

25 bb 


of 9 0 | Hence 


Thus dd — bb) ddd — bb (4 
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8181 


Hence it appears that — 2aab.— 2abb is the co) common Meaſure, 
by which 444 — abb being Divided, 


Viz. — 244b —2abb) 44 — abb (= 
aaa I. aab EY = + 


— = 


— aab---abb 


pn EIT — 


O BEE © 


ES, a I « | , 
Then == + 2 is the New Numerator. 


I 
nl A 2 the New Denominator. 
a I 2aÞnb _ 44 
But > Ay + 5 1 _ the Numeratuhs | 1 
1 I 2aÞ2b__ rb : | | 
And — N —_ r the Denominator. F 


Let both be Multiplied with 2ba and you will hare 
44 I ab the Numerator, Or th | 
OST os Hs r C anging the Sign 0 
aa — ab the New Fradtion te- 

a Ns b quired, 

N 44 — 4b 444 — 4b 

Tant a ＋ Daa TZ T 
: ; | dd — bb 1 
Again let it be required to Reduce 5 The com- 


mon Meaſure of this Faction will be the eaſieſt found (as 
appears from Trials) by Dividing the Denominator bY the Nume. 
rator, &c. 


all the Quantities, and it will be 


ddd — bbd 
5 bod — bbb) dd — bb 7. — 
dd — bb lb 
＋ ba — bb) bbd —b? (6 
bbd — 5 
© O 


Hence it appears that SU is the common Meaſure that wil 
ai vide both the Numerato and the Denemiuator. C:nje- 
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Cnſequentl bd — = bb) dd — bb & ＋ 1. is the New Nume= 
dd — db | | 


———— :D«ꝓU—— =, coo 


+ db — bb 
db — bb 


rator, 


| And bd — 10 ddd — — bh (x l "the Now Denomine- | 


tor. 


_x dab — 5% 
dab — bd 


+ bbq — bbb 
bbd — bbb 


— ___————— — — 


O 
Let both be 47 lied wah b and then you ill 
bh 4 the Numerator. of the Faction 
2 85 IT 17 / +- 8b the Denominator. 3 
| Butif after all means uſed (as above) there cannot be found 
| one common meaſure to both the Numerator and Denominator 
| then is that Faction in fits Leaſt Terms already. 
| Note, The eſe Operations will be b- -/t underſtood by a Learner after 
be bath paſt through Multiplication, and Divſion of Fractions. 


Sc. 5. Addition and Subſtracgion of Fra#;onal 
Quantities, 


The given Frafions being of one Denomination, or if they are 
| nor, make them ſo, per Sect. 4. Then 


Nule. 


Add, or Subſtract their Numerators, as occafi on requires, and to 
| their Sum, or Differ ence, ſub, cyi be rhe c common Denominator. As 
in F. 13 95 Fraftions, 


* Examples in Addition. 


1 83 e % , 

op LN Pony d+c i 

aa 24 Ee 25 - 4 4E 4 

2 8 . 4e 442 

bb aa 34 C Fe a * 3 
FFT d | d4+e d ＋ 4 


"Pr in Subſtracion. 


W r 22 

| c OTE} LR ns A 

1 |2b—a 22 + c 4 ＋ 

: c 'd-Ec 1 d ba 
1 1 2a — 6 2 6 . 

5 c fd. d 5 d +a 

— — — 9 — _ 


Seck. 6. Multiplication of Fra#ional Quantities. 
Firſt prepare Mix'd Quantities (if there be any) by making then 


improper Fractions, and whole Quantities by ſubſcribing an Unit 
under them. As per Sect. 3. Then 


 Aule. 


Multiply the Numerators together for a new Numerator: And the 
Denominators together for a new Denominator, As in Fuge 
Fractions. 


Thus N00 | 2 

c 2d +c ' 

i | 44 ＋ 2b 
E 


2dd + dc de 


nw —ñũäẽ— 


I X 2 3| abd | 1244 — 24b '— — = ab 


b 
Suppoſe it were required ro Multiply 24 + © ——23 


with 30. 4c. Theſe prepared for the Work (per Sef, 3) 
will ſtand | 


| 240 +b—25e 
Thus , c ö 
4 E. 


2 I 
IXY | i Cbac + 36 3bb - — 73bc + 8acc + abc — fore 


3bb 
6ba — 71b + 8ac — loo + pers Ay 


— — — — — — 


© 
__ 
> 

J 


—— — ää— — 


N. 3. 


50 


———_ 


1 
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n n 


N B. Any Fraftion is Multiplied with its Denominator by caſt- 
ing off, or Taking the Denommator away. ; 
a 


Thus = X 4 gives B. For 5 —=— 0 - Mens 


* 7. Diviſion of Sabie Quantities. 


The Fact ional Quantities being prepar d, as directed in the laſt 
geckion. Then 


Kule. 


Multi 70 the Numerator of the Dividend, into the Denominator of 
the Diviſor, for a new Numerator ; and Multiply the other two tos 
| Wh gether for 4 new Denominator. As in * Frattions, 
1 


Examples. 
| 4 ab | 
Let DP” be Divided by . the Work may ftand 
: i 
11 aby 4 bd Fade 4. 
| Thus 73. 7 as 2 1 per Sect. 4. 
3 1 = 4 44 — bbb 
Or Thus i y” * 1 
| - ab | . aa — ab + bb 
„„ +a. 
1 ae aaa — bbbe 
3 3 7 * de — db | aaa + bbb 3 
1 6 5 bd 6 
U r c e aa 
ppole it were required to Div; g ee 


| By a + b. Then the Work prepared will ſtand 
| 1 + h aaa ＋ 4aab + zabb aa CAA aab +-3abb 
| Thus — ) a+4b (= aa P54 +, +gbb 
3 3. aa aa + 30 See 

aa+5ba +abb © a+ 4b or ae 4) 


When Fractions are of one Denominat ion, caſt off the Denomi- 
juators, and ag the Numerators. 


But 


— 
> 


bb 
Thus, if *= were to be Divided by it will be 
2 ab? (ab the Quotient required, 


V. B, | Z For 


N. 


— —— —ñüA 


— — — — 


— 


Part. l 


8 
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bb ab? abs c ab? c | | 
For 5] 7 x Bur FE ab (per Se. 4.) 
1 f 3 ired Divid a3 — abb 
Again, Suppoſe it wete required to Divide ———— 
2ab | bb Sn 
By in LA caſting off e - d in both, it will 


I 


aa L 2ab E-) aaa — abb wh EF Kee 


Seck. 8. Involution of Factional Quantities. 
Nule. 


Involve the Numerator into it ſelf, for a new Numerator; u 
th: Henominator into it ſelf, for a new Denominator ; each as oftn 
as the Power requires. 


| 1 'b 3bc b 1-4 
Thus "| 7 127 /"1 C=IO 
"| bb gbbce | "bb Þ wbd + 4 
18.2 2 "ul | gaadd #1 — i ce 
\\ | bbb _27bbbece | bbv + 3bbd + 3vaa T4 
1@ 3] 3 444 8 aaad 1d aaa — Zaac + gacc — cce 
— ( — F TN, poo am 


If the Numerator and Denominator of the given Faction, han 
each of them ſuch a Root as is required; (which very rarely hap 
pens.) Then Evolve them; and their reſpective Roots will beth 
Numerator, and Denominator of the new Fraction required, 


| 91abb aa + 2ab + bb 1 
Thus | 1 FI 2 — 10 I . 
| zab a + b 
BS Tos 24 I a—b 5 F 
3 27 aaa + 3aab | 3abb Ei 
Again | ! 8d aaa — 3aab 4 zabb — bbb ; 
| 300 'a + 'b x { 
10-311. gd 5 


Sometimes it ſo falls our, that the Numerator may hatt 


ſuch a Kt as is requued, When the DO. nominator hath 7 4 
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Or the Denominator may have 1uch a Root, When the Numeratur 
bath not, In thoſe Caſes the Operations may be ſer down. 


|| 2 ace +4bb — 44 
. Thus! 1 e aa + 2425 E00 


1 Jaaa + 400 —d1 
12 T3 Jada a+. 


— ey —— — —— 


| juſt ſuch a Root as is required; prefix the Rrdical Sig of the 
Root to the Fractios; and then it becomes a Surd, as in the laſt 
| Step, which brings me to the buſineſs of managing Surds. 


—" 


CH A p. IV. 
Of Surd Quantitics. 


| The whole Doctrine of Surds (as they call it) were it fully 
| handled, would require a very /arge Explanation (to render ir 
but tclerab.y intelligible) even enough co fill a Treatiſe it ſelf; if 
all the various Examples that may be of ule to make- it eaſie 
ſhould be inſerted; without which ir's very intricate and trouble- 
ſome for a Learner to underſtand. But now theſe tedious Redu- 
Aions of Surds, which were heretofore thought uſefu! ro fir Equas 
art 2100s for ſuch a Soſution, as was then underſtood, are wholly laid 
| abide as uſeleſs : Since the New M thods of Reſolving all forts of 
e -£quations renders their So.utions equally eaſie, altho their Powers 
are never ſo high, 
' Nay, even ſince the true uſe of Decimal Arirhmetich hath been 
well underſtood, rhe buſineſs of Surd Numbers has been managed 
| that way; as appears by ſeveral inſtances of that kind, in Doctor 
Wali:s's Hiſtory of Algebra, from Page 23 to 29. 

[ ſhall therefore, for breviries ſake, pals over thoſe tedious 


frm 


| Queſtions. 


Quantities. | 

Caſe 1. When the Surd Quantities ate Homegeneal ( viz, 
are alike) Add or Subſtract che Rational Part, if they are 
6&3 - joined 


— —— 


| * Bur when neither the Numerator, nor the Denomina tor have 


Reductions, and only ſhew the Toung Agebraiſt how ro deal 
| with ſuch Surd Quantities as may ariſe in the So/urion of bard 


l. 1. Addition, and Subſtraction of 9% 


72 Agbi. Par 
| Joined to any, and to their Sum, or Difference, Adjoin the Ins 
F:onal or Surd, | | A tons 


Examples in Addition. 
| 6b | ac | b Jaat 
40 Jae 1 
10 ac | abate 


_—— 


| bÞ+3\ aa—co | be J 
ee zb N 
54 4 e I 4ʃb. 40 
Examples in Subſtraction. 
12 JJ bc 10b N ac. | ab J 
2 e | abeſas | J f. 
1 Gy 1 bats 


— —ä— 2 —2— — 


| „ | 4 JE 


4 © — NIE | cheek 


—— ———U—Äͥ — 


2 


Ae eee e 


PP 


Caſe 2. When the Surd Quantities are Heterogene al (viz, thei 
Indices are unlike) they are only to be Added, or Subſtrafted by 
their Signs, viz. + Or —. And from thence will ariſe Surd; 
either Binomial, or Reſidual. 

Examples in Addition. 
1] obo. Jade | $ac—ba 
2 | V 20\/ac Nac tba 
212 ] be- TL Ad r-TLab ae I Jae ba- Nie hs 


8 


Examples in Subſtraction, 

Vr | b —d Jaaa Ca 

ba d — 24% d + dd 3 
3 be: b—d x aaa +ca: — 4 Tea +l 


$f. 


1.2 


| 11 


"D 


<a 
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30 0-4 Multiplication of Surd Duantities. | 
Caſe 1. When the Quantities are Pure Surds of the ſame kind ; 


Multiply them together, and to their Product prefix their Radical 
bign, 


Examples. 
1. J J A da nf aa+bb 
— 121 Ja Lea N : 
11131 oe v6: beaa + deaa | 44a — bbbb 


Caſe 2. If Surd Quantities of the ſame kind (as before) are 
joined to Rational Quantities ; then Multiply the Rational into the 
Rational 5 and the Surd into the Surd, and join their Products 

together. : | Cy 


| Examples. 
: 1e 5d Y ba NA 15 J a 
a — . | Jv 3 | 54/d 
31 3b J bea 1 5eda of beaa + dcaa | 754 ba 


| 1X2 


Sect. 3. Diviſion of Surd Quantities. 
Caſe 1, When the Quantities are Pure Surds of the ſame hind: 
and can be Divided off (viz. without leaving a Remainder) Divide 
them, and to their Quotient prefix their Radical Sign. | 


Examples, 855 
11 be - | y bcaa — dcaa : \/ aaaa — bbbb. 
7 $ of ca y 44 — bb | 


* 


FFF 


an 


Caſe 2. If Surd Quantities, of the (ame kind are joined to Ra- 
| tional Quantities ; then Divide the Ritional by the Rational, it 
it can be, and to their Quotient, join the Quotient of the Surd, 
Divided by the Surd, with its firſt Radical Sign, 


— 


Examples. 
1 34b J bca 15cda Y bcaa T acaa_ 75yabd 
; | JJ ͤ 25 
1721 4 le | $cd/baÞ d | 15\/ad 


BL eee ne 


Note. 
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Note. If any Sguare be Divided by its Rot, rhe Quotient will 
be its Kvor, | N 
| Examples, | | 
I 1 | a bh + 2bc + ce] 4444 — 2bbaa - ＋ b!b 
2 del ſb tiefe Jo —hath 


1 a2 la] al babe Peel fat . PS 


Retr — 


Sect. 4. Jnvolution of Surd Quantities. 
Caſe 1. If the Surds are not join'd to Rational Quantities; 
they are Involved ro the fame height as their Index denotes, by 
only raking away their Radical Sign. 


Examples. 
. | xa bea | yaa —bb | y 5a—da 
1G: {20 « bea aa — bb 54 — da 


—_ 


— 


Caſe 2. When the Surds are joined to Rational Quantities ; 

Involve the Rational Quantities to the ſame height as the Index of 

the Surd denotes ; then Multip/y thole Involved Quantities into 

the Surd Quantitics, after their Radical Sign is taken away as 

before. ä | | | 
| Examples. 


1 by a | gd Vea by as — dd 
18 21 |2 bba 25ddca | gbbaa — gbbdd 


— 


3 | : | nabe | 2d '</ a6 :4- bb da *vh 
I &- 3 12 aaabe 27 dddaa + Add dadaaab 


— — — 


The Reaſon of only taking away the Radical Sign, as in Caſe 1. 
is eaſily conceived, if you conſider that any Root being Involved 
into it ſelf, produces a Square, &c. 

And from thence the Keaſon of thoſe Operations performed by 
the ſecond Caſe, may be thus Stated. 


Suppoſe bya=x. Then a= - per Axiom 4. and 
both Sides of the Aquation being equaliy Involved, it will 
xx | : 
be 4 77 Then Multiplying both Sides of the Equation 


into bb, it will become 5 = xx per Axiom 3. Which was 


to be proved, | 
Again 


W3 Vw Fre. 


3 2 
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Again, Let 5d J c = xk. Then J ca = 77 
We Oo: Ys 
And ca = 1774. Conſequently 2 gddca = xx. 


Alſo from hence it will be eaſie ro deduce the Raſon of Multi- 
phirg Surd Quantities, according to both the Caſes. For 


Suppoſe < 4 > toads Example 1. Caſe 1. 
18 23 5 z. 


28 24 4—=xXx. . 

3X 35 xx. per Axiom 3. : 

5 w 26 JJ D Ax. which was to be proved, 
3 | — eee 


9 
Let 4 0 af — > Example 1. Caſe 2. 


1 Sd 4j of > 
x 


*ü. 


9 3 3b 


443 6 | 9 le . from what is proved above. | 
6 * 30d 713 bd x bca &, & c. for the reſt. | 


— 
— 


Diviſion being the converſe to Multiplication, needs no otlier 
Prof | | 5 


8 1 . „ 8 
— — — — — — 


C HAP. V. 
Concerning the Nature of Equations, and how to pre- 
pare them for a Solution. 


When any Problem or Queſtion is propoſed to be Analytically 
Reſolved ; it is very requiſite that the true deſig or meaning 
thereof be fully and clearly comprehended (in all its parts) that 
ſo it may be truly alſtracted from ſuch ambiguous words as Que- 
ſtions of this kind are often diſzuiſed with ; otherwiſe it will be 
very difficult, if not impeſſib'e to ſtate the Queſt ion right in its 
Ju"ſtituted Letters, and ever to bring it to an Aquation, by ſuch 
various Methods of ordering :hole Letters as the Nature of the 


Queſtion may require, 


Now 
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Now the knowledge of this difficult part of the work, is only to 
be obtained by Practice, and a careful minding the Solution of ſuch 
Leading Queſtions as are in themſelves very eaſie. And for that 
Reaſon 1 have inſerted a collection of ſeveral Queſtions ; wherein 
there is great variety. | 

Having got ſo clear an Underſtanding of the Queſtion propo- 
. ſed, as to place down all the Quantities concerned in their due 
Order, viz. all the Subſtituted Letters, in ſuch Order as the Na. 
ture requires; the next thing muſt be to conſider whether it be 
Limited or nor. That is, whether it admits of more Anſwer; 
than one. And to diſcover that, obſerve the Two following Rules. 


e Mule. 
When the Number of the Quantities ſought, exceed the Number 
of the given Æquations, the Queſtion is capable of innumeralle 
Anſwers, | | 


Example. 


Suppoſe a Queſt ion were propoſed thus; There are Three ſuch 
Numbers, that if the Firſt be Added to the Second, their Sum will 
be 21. And if the Second be Added ro the Third, their Sum will 
be 46. What are thole Numbers. 5 


Let the Three Numbers be repreſented by Three Letters, thus, 
call the Firſt a, the Second e, and the Third y. 


Then 1 4 : = 46 according to the Queſtion, 


Here the Number of Quantities ſought are Three ; viz. a, 4% 
and the Number of the given Ægquations are but Two. Therefore 
this Queſtion is not Limited, but admits of various Anſwers ; be- 
cauſe for any one of thoſe Three Letters, you may take any 
Number at pleaſure that is Leſs than 22. Which with a little con 
ſideration will be very eaſie to conceive, . 


Nule 2. 
M ben the Number of the given Equations (not depending up- 
on one another) are juſt as many as the Number of the Quantitiet 
ſought ; then as the Queſtion truly limited, viz. each Quantity 
ſought bath but one ſingle value. | 


As for inſtance, Let the aforeſaid Queſtion be propoſed thus. 
There are Three Numbers (a, e, and , As before) 


if the Firſt be Added to the Second, their Sum will be 1 
i 


n 


IR. © Ss ERS. , x £ 
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if the Second be Added to the Third, their Sum will be 46 ; and 
it the Firſt be Added to the Third, their Sum will be 36. What 
are che Numbers? e 

That is; a Te 22. ey =46. and a ＋9 36. 


Now the Qeſtion is perfectiy limited, each Angle Quantity having 
but one ſingle Value, to wit a =6. e 16. and y = 3c. 


N. B. If the Number of the given Æjuationt, exceeds the Num- 
ber of the Quantities ſought ; they not only limit the Queſtion, but 
frentimes render it impoſſible, by being propos d inconſiſtent one to 
another. 


Having truly ſlated the Queſtion in its ſubſtituted Letters, and 


| found it limited to one Anſwer, (or at leaſt ſo bounded as to have 


a certain determinate Number of Anſwers) then let all thoſe ſubſti- 


tated Letters be ſo ordered or compared together, either by Adding, 


SubſtraRing, Multiplying or Dividing them, &c. according as 
the Nature of the Queſtion requires, until all the unknown Quanti- 
ties except One, are caſt off or vaniſhed ; bur therein great Care, 


| muſt be taken to keep them ro an exact Equality; and when that 


unknown Quantity, or ſome Power of it (as Square, Cube, &c) is 
found equal ro thoſe that are known ; then the Qucſtion is [aid to 
be brought to an Æaquation, and conſequently to a Solution, viz. 
fitted for an Anſwer. | . 8 

But no particular Rules can be preſeribed for the caſting off, or 
getting away Quantities out of an Æquation; that part of the Are 
sonly to be obtained by Care and Practice. And when that is 
done, it generally happens fo, that the unknown Quantity which 
15 retained in the uation, is ſo mix d and peck Ap with thoſe 
that are known; that it often requires ſome Trouble and Skill to 
bring it (or its Powers, &c.) to one Side of the Æquation, and thole 
that are un to the other Side; (ſtill keeping them to a juſt Equa- 
lie) which the Ingenious Uan Scocten in his Pzincipta Pa- 
theſ'os Univ rlalis calls Reduction of Equations, 

The Buſineſs of reducing /Equations (as of moſt, if not all Al- 
gebraich Operations) is grounded and depends upon a right Appli- 
cation of the five Axioms propoſed in Page 146, and therefore, 
it thoſe Axioms be well underſtood, the Reaſon of ſuch Opera- 
tions muſt needs appear very plain, and the Mor“ be cafily per- 
Jam'd ; as in the following Sections. 


= SOS > on — yrs 


either Side of an Equation to the other Side, with the Sign ＋ | 


- Suppoſe 
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Se&. 1. Of Reduction by Addition. 
Reduction by Addition is grounded upon Axiom 1. and is only 
the Tranſpoſing (viz. the removing) of any Negative Quantity from 


before it; as in theſe 


Examples. 
Suppoſe | 1 | a—b=d| Again, 
| Then i2{a=d#+b let [1] aa—d—o—a 
For 3 . 1-+d 2 | 44= 8-— aa +04 
d E 3 244 =e+d 


13% 4 «=d + 


— — — 
Note, When any abſolute Number * 
1s Regijter'd in the Margin; ju 
draw a Line over it, to diſtinguiſh 
it from the other Numbers, 4 


1110 = 6 4 4a ol 
4 in the 2d Step of this Example. 


3 4 = 8 4 = 10} 


Let | 1 |aa — 12 = « 1 
II 4a — de dd — 24 - 
8 3 aa = dd 2b + b + do 
3 + 26a 4 aa + 2ba= dd+ b + de 


Leer I — 


— 
— 


2 — * — 


þ — 
4h +. — K 


0 — 


Suppoſe | 1 | 24 — 4 ce — 304 — aaa 


I T4444] 2 | 444 ＋ 2da — d cc == 3baa 


2 +3baa| 3 444 ＋ 3baa + 2da — d cc 
23 ＋ 44 aaa + 3baa ＋ 2da cc +4 &c. 


——5rE—ä—0 — — — — 


Scct. 2. Of Reduction by Subſtfradion. 
Re duct ion by Sulſtraction is grounded upon Axiom 2. and i 
perform d by Tran/poſing (or removing) any Affirmative Quantity 
from either fide of rhe Æquation, to the other fide, with the Sig 
— before it. As in theſe | | 
Examples, | | 
a+b=d] Let 1134 1 4264 
2224 44 86 
4 2 41 2 — 414 3124 =6 —4 =2 


- —— D 
— NO. x 


Suppoſe | F aa + BY + b = dd + 2ba 


— — 


And 


1— 2 


—— — — EP io ee , 


— ) 


So 


11 4 4a — 204 ＋ dc - b dd 
2 — dc 3 44 — 2b. -- b dd — dc 
3 —bj 4 44 — 2ba = dd — de — b 


—— n ͥ ͥ —VſT—— — —:ẽ —¼e — — —— Feet + 


wr 5 


ll, hap: 5. Of Reducing Kquations. . 
— * | 
Let 1 aaa ＋ d=cc + ybaa+ 2d 
1 — 344 2 2 baa + d ce + 24a 
nll 2 — 24a] 3444 — 3baa — 2da + d= coe 


rom] 3 — 4 4 448 — 5 eee eee 


Seck. 3. Of Reductim by Multiplication. 
Frational Quantities in any Equation, are brought into whole 


r j by Multiplying every Term in the Equation with 
e Denominators of the Frattions, per Axiom 3. As in theſe © 


Examples. 
Suppoſe 2 I <= 
Then =: bibs For j a fad 
| 2. _ == 2 
3 2 7 = de | 122 2 lou —ba=dl 


0 i | I 7 Te +f=E 


| cb 
% e 
1 4 13 e T- les bfs deb 


n A » » 7 — 


— — 2 


— 


n * 


F | | aaa _ba—b — bb 
133 2 ans bbaa— bb: + 1122 


IXad-b | 3 — 


— —— IZw— —— 


Sect. 4. Of Reduction by Diviſion. 


Wen any Quantit) (either known, or unknown) 1 is in every Term 
ot an Aquation; it the whole G quation be Divided by that 


Wantity, it will be Reduc'd into Lower Terms, per Axiom 4 
As in thele 


F Examples 


— — —— 
— Tk 
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. 


= Suppoſe [ * IT bea = bod] Let mY 3 
A. las Þea=ed L 1514) 2 a=7 

= the 13 frac Þ+ freaa — fa = fas + fade 

1% caa — a= da + dda 

2 = 3 aÞca—1=d+4_ 


n 1 


—_—_ 


Or when the unknown Quantity, is Multiplied wiz join 110 wit 
any that is known ; let the whole Æquation be Divided by the 


thee Quantity, that ſo the unknown may be cleared. As in 
t ele 


| Examples, | 

Suppoſe | I [ba— c= Let . | x ſeaa — daa cd di 
F ER cd — dd ad 

1 = —e| 2 = E — 25 = = 

Suppoſe] 1 J — 2bbaa = bda +: cha | 

1 ＋ 54 baa — 2ba=d+c | 

1 , & 

2 =b if 3 = 

| Let x] 404% C 42aa="7bes Pz Pa 

OOTY 76s 64 = > + 3c a 

2 — 4 7 a 64 — C 30 

ee 4 .. E | 

35 es, Wh 2 1 d +6 


* — —o—— __—_— _—_— 


| Selt. Fo Ot Reduction hs Jnvolution. 


When there happens to be an Equation, between any Homo- 
geneal or like Surds ; Take away the Radical Signs from ile 
* ind bey wil become Rational. As in theſe | 


Examples, 


oe) Tr Il Let 1 E: 


Or if one Side of the 2 conſiſts of Surd a 
and the orker vide be tale, Then Involye the Rational 


Qu 


ad 
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Quantities to ; ro the lame Power (or height) with the Index of rhe 
Sur, and take Ty the Radical Sign, As in theſe | 


| Examples, 


Let WE ISuppoſe | 1 Na= 

al „ 2 1 Le 

Su ole] 1] %/4 — ba= Ler $Jaa=7 
"6312 2 1,1: 44 16807. 


— —— — — 


Seck. 6. Of Redackion by Evolution. 


When any Single Powers of the unknown Quantity is on one 
Side of an Equation ; Evolve both Sides of the Aquation, accor- 
ding as the Index of that Power denotes, and their Ross will be 
equal, As in theſe 


. | F 
irs [8 [ {a= = 36 1 1 [aaa =27 
110 2 — 1 n 2 N=, &c. : 
Suppoſe] 1 | aa = bb — di] Let |aaa=b? -þ 3bbe + ghee 
1 2 4 u — dd 1 un 3 4 Ie > 


— — . Ʒ—j—E—äᷣ—— — — — — — 


eee e 


Or if any Compound Power of the unknown Quantity, be 
on one Side of the Æquation (that hath a true Root of its kind) 


Evolve both the Sides of the Aquation, and ir will be depreſsd 


into Lower Terms. As in theſe 


Examples. 
ls 121 * 1 15 = dd aa — 2ba + bb deo 


1 2 2 


„ 


* — 
— 


nn. 


Here follow a few — of Clearing Ægquations, wherein 
all the foregoing ReduZtions are promilcuouſly uſed, as  occafion 
requires. 8 


. 1. 
Suppoſe | I * 4 7 . What is 4 =to 
] X 4 |2 e- 


7 
5 


2 * 1 


11 
: 
. 
. 
40 
o 
; 
'T 
n 
N 
2 4 
FH 
34 
In 
f 
F7 
f 
1 
1 
+ 
* 
* 
1 
5 
y 
Lo 
U 
A 
. 
IQ. 
F 
+ 
11 
we 
I 
* 
K. 
x 
14 
| > 
. 
12 
1 
£5 
; 
1 
4 
1 4 
£1 
; 
17 
4 
2 
*. 
0 
Bret, 
"— 
Sy 
i, 
« 
vt 
= 
Ry 
it 
4 
xt 
WT 
1 
#1 
1 
. 
44 


0 
ſt 
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23 [bas n N 
3 ＋ 444 pt baa Ca Ee -d A g 
4-+#d 15 ee e by 
5 — be | 6 ca 1-bc 
4 $2 # 4 +bd—bc 
e 4 1 1 4 
5 . 
3 — 99 — . ak 8 Rs 
Example 2. 
were 5 © OO: PT What is the value of 
Sup 3 9 t is the value of a, 
ä 344 
1X 4 | = 
3 i 4 ＋ 354 354 — 4 
2X 334 —@4 | 3 [125316 — aa = 34a 
3 T 44 | 4 [qaa=125316 
42 | 5 | 44 31329 
J's 1.6 14 =</31329= 177 the Value of a requird, 
Example 3. 
3 | aa T 36⁰ euere 
Suppoſe | | {6 = 2 CS bas a=) 
-y U — — 
| aa + 3bb aa TF3 (44 — 300 
| 14 —— 4 : * N 
18 2 1 5 2bb baa 
| | IC 1 
That is z 2 — [as 9 bes 
- 
For | | | aa + 2 44 — 3bb 5 42 
* 2 l 
1 | 3 LEY 3 +3 
a” 
Then | r =AEF 
2 ' 
| [aa bas a* — 9b | 
vhs belts 8 


# 


* 


— a . * 
. IH ts ts * 1 


1 
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- 
6 


14w2 | 


bas %% bra {at . 
>, L413 6 u obs 
* : 14 | as | 6 , FM ob⸗ : 
_ | : + ail 
a* | | as bi 41 — 954 ba 
1 . SE 0 
. 7 bb 4 . 4 a* 
14] UT + IST 
| | 114 963 as 
8 2 9 e 
7 cc 4 0 
| gecbs 
9 *ce fob -- C 
ox 2 146% K gecl = 444. | 
11 — 4ba+ | 121 gecb® = geat — 4ba* 
| _9ceb3 
12 > |13 aaa =" — 45 
For | 4 — ab X a* = 4045 aba* 
1 
eee 
).. 
134 =: x : . As was required, 


40 — 4b 


By help of theſe ReduAions (properly applied) the unknown 


* 


Quantity (a) or its Powers, are cleared, and brought to one Side N 


of an Æquation; And if the unknown Quantity (a) chance to 
be equal to thoſe that are known, the Queſtion is Anſivered ; as in 
the firſt Examples of Sect. 1. and 2. OS 

Or if any Single Power of the unknown Quantity (a) is found 
Equal to thoſe that are known, then the reſpe&tive Mot of the 


known Quantities, is the Anſwer; as in the firſt four Examples of 


ect. 6. &c. 


. 
4 Et 
* 1 
1. 
f 1 


Bur when the Powers of the unknown Quantity are either i 
mixed with their Root; As aa + ba — dd, &c. Or do confift 5 
of different Pewers; As aaa + bas dd, &c. Then they are [ 
called AﬀeFed, or Adfefted Aquations, Which require other | 
; Methods to Reſolve them, viz/ to find out the Fake of (a) as ſhall | 


be ſhewed further on, 


| 
CHAP. | | 
| 


1894 Agebza. 
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CHAP. III. 


Of P2opoztional Quantities ; both Arithmetical, 
Geometrical and Muſical. = 


What hath been ſaid of Numbers in Arithmetical Progreſſin, 
Chap. 6. Part 1. may be eaſily Applied to any Series of Homage. 
neal or Like Quantities. 


$28. 1. Of Quantities in Arithmetical Pꝛogreſſion 


Thoſe Quantities are ſaid to be in the moſt Simple or Natural 
Progreſſion, that begin their Series of Increaſe, or Decreaſe with a 
Cypher, Fe 

o : 4: 24: 34: 44 : 34: 64a: Sec. Increaſmy 
Thus 0: —4:—24:— 34: —44— 54 624: &c. Decreaſing 


Or Untverſally, putting à the firſt Term in the Progreſſion ,and 

e, the common Exceſs or Difference, Es HY 

Then 4 Te: 4 ＋ 26:4 ＋ ze: 4 ＋ 40:4 5a Tse: & 
4:4 — e: 4 — 26:4 — 3e: 4 — 4:4 —5e:4—6e:&e 

In the firſt of theſe Serie, it's evident, that if there be but 
Three Terms; the Sum of the Extreams will be Double to the 
Mean. 7 | | 

As in theſe, o:4:24: Or, 4: 24: 34: Or, 24 : 34: 44, Kc. 
viz. 24, O 4 ＋ 4: Or, a+ 34 = 24-4 24, &c. 
Alſo in the Second Series, either Increaling or Decreaſing, 
u's evident, that if the Terms be 4: a -e: 4 ＋ 2c, &c. In 
creaſing ; Then a + a + 2c, viz. 24 -+ ze the Sum of the Ex- 
treams, is double to a & e the Mean; Or if they be 4: 4 He: 
a — 2e, & c. Decreaſing, then a + a — ae: viz. 24 — 22 the 
Sum of the Extreams, is Double to a — e. the Mean. And ſo 
it will be in any other Tyree of the Terms. Secondly, If there 
are Four Terms; then the Sum of the Two Extreams, will be 
equal to the Sum of the Two Means. As in theſe, 4:4 +e: 
a +2e: a+ ze, in the Series Increaſing; Here a -þ a + 30 
— 4 Te- ＋ 20e. 

Alſo in theſe, a: 4 — e: 4 — 2e: a — 3e, in the Series 
Decreaſing; here a ＋ 4 — 3e 2 a — e - c, &c. in an} 
other four Terms. | 

Conſequentiy, If there are never ſo many Terms in the Series, 


the Sum of the Two extreams, Will always be equal to the 7 


part fl. 


of any Two Means, that are equally diſtant from thoſe Exereams. 
As in theſe, aA: a+e: a + 2e «A + 3e 4 : ＋ 4e 4 2 + 5e, &. 
Here a LEA + 5e=a Ce 4 T ge=a + 2e=p a + 3e, &c. 
and if the Number of Terms be Odd; the Sum of the Two Ex- 
reams Wil. be Double to the Middle Term, &c. As in Coroll. 1, 
Chap. 6. before · mention d. & 


Conſectary 1. 


Mhence it follows, (and is very eaſie to conceive) that if the Sum 
of the two Extreams be Multiplied into the Number of all the Terms 
in the Series, the Product will be double the Sum of all the Series, 

Now for the eaſier reſolving ſuch Queſtions as depend upon theſe 
WH Progreſſional Quantities, | 
a = the firſt Term, as before. 
y = the laſt Term. SIS 
e = the Common Exceſs, &c. as before. 
N = the Number of all the Term. 
— the Sum of all the Series, vix. of all the Terms. 


Then will a +» x N=2 8, by the precedent Conſe&ary : 


| 1 Wes. Na -N 
That is Na + Ny = 2 $. Conſequently — 7 228, the 


Let 


theſe Series, it is eaſie to perceive, that the common Difference 
(e) is ſo often Added to the Laſt Term of the Series; as are the 
Number of Terms, except the Firſt ; That is, the firſt Term (a) 
bath no Difference Added to it, but the Laſt Term hath ſo many 
times (e) Added to it, as it is diſtant from the Firſt, 8 
Conſequently, the Difference betwixt the Two Extreams, is onl 
dhe common Difference (e) Multiplied into the Number of all the 
Wl Terms Leſs Unity or 1. 


lo Thar 1 Xe) — a the Difference betwixt the 


wo Extreams, vix. Ne — e —4. 

e 

fe CD Conſectary 2. 
3? 


hence it follows, that if the Difference betwixt the Two Extreams 
5 be divided by the Number of Terms Leſi 1. the Quotient will 


oy be the common Difference of the Series. 
| OTE Dy 

er, To Wir wo 

um . 

of 


Bb Now 
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Sum of all the Series, be the Terms never ſo many. Thirdly, In 


fn 
4 

7 
k 
4 
{4 
;4 
:2Y 
1 
fy 
in 
» 
6 
by + 
ig 
ty 
if 
1 
1 
? 
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Re Pas the help of thele Two Conſectaries, if any Three of the 
Alorelaid Five Parts (viz. a. y. e. N. S.) be given: | 
Two may be eaſily found, © 8 enz e e 


| N 
Thus, 1 I os 
4 E As before | 


3XN—1 3% —a=Ne—e 
37-93 4) —a+e= Ne 


[y—a+e 


42e 5 N The Number of Terms, 
1X2 6 Na + Ny = 25 — 0 
6 — Na /IN =2S — Na 
| g 25 — Na 8 | 
7+N = The Laſt Term. 
6—}N | ? Na = 28 — Ny 
r 1 | 
"Je" | 4 Thefirſt Term. 
. 28 | 
6 244 7 a = N The Number of Terms. 
5 n „ "i . | 
3, and 11 2. 5 Per Axiom 5 
| „ 1. 65 — aa . | 
I2%Xa+y 8 en f 
| ; 
5 WJ — 44 „ 4 ＋ i | 
13 -2 114] 27 + 2s The Sumo alles 
14 X 2C sb — 46+ ae | =25e 
15 — ae 161% — 44+ Je = 2Se — ac 0 
16 — e 7% — 44 2e — ge == ye 
Jy — 4a | 
I7 = „ The common Difference. 
3 a 19 Ne — e 4 2 The laſt Term. 
19 Te 20 Ne E AT | | 4 
20 — Ne [21] ye — Ne 4 The firſt Term 
55 | | &c. | 
— —— — — — — — —— 0 3 3 . Aue 
th 


In like manner you may proceed to find out any of the bye 
Quantities (a, e. 5. N. S.) otherways, viz. by Varying ot 
Comparing of thele Agquations one with another, you ma) 
produce new Equations with other Data in them the which 

115 It 
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he MW 1 hall here omir purſuing, and leave them for the Learner's 
er Ml Practice. g os 
$:2. 2. Of Quantities in Geometrical Proportion. 
Geometrical Proportion continued bas been already Defined in 
beck. 2. Chap. 6. Part 1. And whar is there ſaid concerning Num- 
ber; in + may eaſily be applied to any ſort of Homogenea / Quane 
tities that are in 2 > 
The moſt N tural and Simple Series of Geometrical Proportio- 
nals, is, when it begins with Unity or 1. £ 
AS 1. 4 . 44 444 . 4444 . 4 . af, Kc in 27 
For 1: 4 :: 4: ad :: aa tf aaa :: 444: 4a, RC 


or 4. b. — . — . — . . &c. are Terms in = 
4 44 aaa at | | 
| bb bbb bb bs EY ES 
For 11 Lexa e & c. 
4 a aa aa a = oe 


That is, when all the middle Terms berwixt the -o Extreams 
re both Conſequents and Antecedents, that Series is in Geometri- 
cal Proportion continued. 8 | | 

Therefore in every Series of Quantities in <= all the Terms 
except the Laſt are Antecedents ; and all the Terms exceps the 
Hit are Conſequents. A 

But Univerſally, putting 4 the firſt Term in the Series, and | 
e the Ratio, viz. the common Multiplier or Diviſor, then it | 


4 . ae , 4er. acre . acece . ae. 4e . Kc, in <=; | 


4 4 4 6 48 5 9 
Or 4 — — — 0 — 2— &e. arc in — Decr. q 
e ee cee eece e F | 


aaee 
For 4: ac :: 40: (ee &c. 


4 4 434 8 4 4 4 
And 4 „* C» ; 4 Sep &ec. | | 
e e ace ee e ee eee 


J. In any of theſe Series it is Evident, that if three Quantities 
— Je in g. the Rectangle of the two Extreams will be Equal to - 
cre if be dauere of the Mean, As in theſe 


off 4; ae. ace . here 4Xace = ae X af, aace. KC. | | 


ich Bb or 


Part. I} 


. 1 W . 440 , 1 # # 
. : * - 5 — * — "Y 4 2 4 


ee Aa 4 aA Aa. 

Or a +P — here alſo, a x _ = 4X _ &c. | 
II. If Four Quantities are in the Rectangle of the Extream 

will be equal to the ReFangle of the Means. | 


CE ICC 


As in theſe, a. ar ace dees 5 here ax a? = ae M are 


Or SPY — her 1 7% . 7 „ 2 Ye 
r Wo. 2 — Ee I: TOO — — h 
e ee eee eee ee eee 


Conſequently, If there are never ſo many i in the Series 
of = the Rectangle of the Extreams will be equal to the 


Rectangle of any Two Means that are quail . from thoſe 
Extreams. * 5 | 

As in theſe, 4 : ae.. ace, * aceee , ac Kc: 

viz, ae, X 4 =ae* X ao Or as Xa== acee ace ade, 


HI. If never ſo many Quantities are in = it will be, As any 
one of the Antecedents is to its eee So is the Sum of all 
the Antecedenti, to the Sum of all the Conſequents, 


a $47 . are , ace. aceee , ae*, &c, Increafing 


HY oe 97 | | 
— .—.— — . — &. oe 
5 ee cer eeee 2 


> 5 4 e hor FY ae,: ae Hae kes . ae 
Or 4.— 6 +++ +=: . 


e + ee 


viz. a 0 ae I aee Tot ? 1 de = ou Tae. 3 


That is, the Re#angle of the Extreams is equal to the Reflan- 
gle of the Means ; per ſecond of this Seck. 

Note, the Ratio of any Series in r increaſing, is is found by 
Dividing any of the Conſequents by its Antecedent. 

Thus, a) ae (e Or ae) ace (e &c. 


0 But if the Series be decreaſing, then the Katio is found by 
Dividing any of the Antecedents: y its Conſequeut. 1.76 


Thus, -) a (e Or = =(e & c. 


Conlc- 
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Conſectary. = . 
premiſed, ſuch Æquat ions muy be deduced 


Theſe things bein N 
eſe thing 550 


0 


from them. as will ſolve all ſuoh Queſtions as are uſually propoſed 
about Quantities in Geometrical Proportion = In or dex to that 
aee 1 3 „ | | e 
1 = The firſt Term. 7 n 
i 1 4..= The common Ratio. J before. 
; = Ibe Lf Tam 
TH $ The Sum of all the Teoms. 
he Then S — y = the Sum of all the Antecedents, 
de And 8 — 4 = the Sum of all the Conſequents. 
Analogy. 114: a ::$—): $ — a Per the III. of this Se, 
0” 21S 4 — 44 = ages S - ² | 
| 2 2435 - 2e S2 e 
2 e f 4][S + g—a=es | 
1 4— 8 Sly —a=eS—8S 2 
: — e | 1 Hs; 1 
51 = - — $ The Sum of all the Series. | 
BD : | 
ig 3=S—2y | 7 — e The common Ratio. 
5 + a | 8 ey Se SEAT 7 
les 2-8 | f 3 | | 
82e 4 The lt Term. 
4＋2 [rwo[SÞgOG=EeS a + 
{es 10 — 8 II $S+eg—eS—=a The Firſt Term. 
, is 188 75 c * 


— Note, The „., ſet in the Margin at the ſecond Step, is inſtead 

of Ergo ; and imports that the Rectangle of the two Extreams | 
, in the firſt Srep, is equal ro the Reftangle of the Means. And ſo ; 
for any other Proportion. | 


b Seck. 3. Of Harmonical Proportion. 
Harmonical or Muſical Proportion is, when of three Quantities 
(or rather Numbers) the Firſt hath the ſame 'Ratio to the Third, 


by As the Difference between the Firſt and Second, hath to the 
I Difference berween the Second and Third. As in theſe following. 


Suppoſe a, b, c in Muſical Proportion. 
Then 1412 23 5 —4: 2 
1 * falcb—= 69848 = | | 
ſes J 5 | 2 + ca 
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— f 1 
2. 3 [ch =2ac= ba 

3 S2c—b 4 [= 2 — The firſt Term. 
ag+bajs [2ae = eb + be 

5 =cÞ 4 ” [2 =» The ſecond Term. 


12 240 — cb r ba 


8 22 The third Term. 


— — — * 


7 4211. 


If there are Four Terms in Mu cal Proportion, Is Firſt hath 
the ſame Ratio to the Fourth, as the Difference between the Firf 
and Second hath to the Difference between the Third and Fort. 

That is, Let 4. 6. c. d be the four Terms, &c, 


_— 


TOW [1 latditb—a:d—c 
2 E | 
1 3 ab 2da — ca 
| db 
e 
3 2da — c 
3&4 |y j60.= 8 1 
1 ea 6 db + ca 2d 
6 — db 5 ca = 2da — db 
2da — db 
7241846 —— 
tb INE [4s bj EE 
den HAP. VII. 


of Proportion Digjunc, and bow to turn Xquations 
into Analogies, &c. 


Proportion Disjun@, or the Rule of Three in Numbers, is alrea- 
dy explain d in Chap. 7. Part 1. And what hath been there ſaid 
is 4 N to all Homogeneous Quanticies, viz. of Lines t0 

es, Sc. | 


S-8. 1. 
If Four Quantities (viz. either Lines, Su erficies, or Solids) be 


Proportional ; the Rettangle comprehended under the Extreams, 
18 


18 
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* 


is equal to the ReFangle eomprehended under the Two Meant, 
(16. Euclid. 6.) | | | | . 
For inſtance, Suppoſe, 4 . b : c. d. to repreſent the Four 
Homogeneal „ r in Proportion. | | | 

viz. 4: b:: c: d. Then will ad = be 

For ſuppoſe b 24 then will d = 20 

And it will be a: 24::c: 2c. Here the Ratio is 2. 

but 4 X20= 2 c. MN. 208 = 246 
Or Suppoſe b = 34 then will 4 = ze 
And it will be 4: 34: : c: ze. Here the Ratio is 3. 
bur 4a * 36 = 34 X c. viz. Zac == Jac 


Or Univerſally putting e for the Ratio of the Proportion, 
viz. making b = ae, then will 4 = ce 


* And it will be 4: 4e :: c: ce 


but 4 * ce = 4e „% VIZ, ace aec 


cmſequent /, ad = be which was to be proved. 
Whence it follows, that if any Three of the four Proportional 
Quantities be given, the fourth may be eaſily found, Thus, 


Let | 144 :b :: cd. Then 
1 4 be as before 
1 8 
2 = d | 3 Gn : 
| ad 
22014 == 
ad 
3 13 (=o 
| be 
2246 14= 5 : 
i * 0 Note, In this manner Euclid, 
> »bd j-9 [7 = \in his 5th Book, expreſſes the Ratio 
| : of Proportzenals, vi. the Ratio 
5 d ” 
Or 2 = ac bj> == of « To b Is 5- 


———ůů — ——— — — — — —— 


1a 


1 


If four Quantities are Proportional, they will alſo be Proportio- 
ral in Alternatios, Inverſion, Compoſition, Diviſion, Converſion, 
and Mixcily. Euelid. 5. Def. 12, 13, 14, 15, 16. 


Thar 


191 1 2. Abra. | Fart. . 
— ee EE — — — Won 
That is, if | 1 | :*: 4 be in direct 8 as before, 
Then | 2|a:c:: b: d Alternate. For ad = le 
And 356: 2 :: d: o er For 4d = be 
Alſo 4 «+: b:: d: d Compounded. + 
4 — 1% +bd=be Lee That 8 
Or | 6ſaFetic::tbÞ+did Alternately Compaunded, 
1 lad Tell | cd That is, ad ad = be, 
Again, 8 —b:b::c—d:d Divided. 
3 | -9[ad — by = bo hl That is, 2d = be, 
Or 1012 — ::: 0 — 4: d Alternateh Divided, 
10 „ ji ſad — ed = be — cd That is, ad =bs. 
And 124: b a:: c: de Converted LAs: 
12 „ 13a Tac = be Þ ac That is, ad be.. 
Laſtly 144 Tb: 2 - b:: die -A Mixth: 
14 . 
15 + i622 e 24d; That is, ad be As at firſt 


_—_ 
22 


Note, What has been here done about whole Quantities in 
Simple Proportion, may be eaſily perform'd in Fractional Quanti- 
ties; And Surds, &c. 


1 | 
For Inſtance, If - : 7 : * 5 = 25 and it be required to 


find the Fourth as 


dd — OT” 
it will be — 7 — the Rectangle of the Means, which being 


ab 
Divided by the firſt Extream 5 it will become 


ab dd ce dde — coc 4d —c 
3 _ Oe ( abjo = 
Or if 6: Le : J be a oa fourth Tom, 


Then is 24 T le ＋ be x d 7d + be = b4 T be the Rectangle of 
The Means, And nd Þ) | ba + be (d + c the fourth Term. 


That is, 6: ba + bc : Id Ie: de &c. 
S. cl. 2. Of Duplicate and Triplicate Proportion. 


_ the at, Term. 


The Proportions treated of in the laſt Section, are to be under- 


ſtood when Lines are compared to Lines, and Superficies t 
Su- 


er- 
to 


Su- 


— e . „ ˙ — ——̃ͤ —ͤ— 
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Treble, Sc. Proportions, Which are only as 1, 2, 3, 


be that of 4 to ö, whoſe 
according to Euclid's way. 


Then - X pn is the Exponent of the Duplicate 


And if there are thyee, 


ther on. f 


— nn e ö a 25 N — — | | 
Fuperficies 3 or Solids to Solids ; wiz, when each is compared to 
chat of its like kind, which is only called Simple Proportion. 
But when Lines are compared to Superficies, or Lines are com- 
pared to Solids, ſuch Compariſons are diſtinguiſhed from the 
former, by the Names of Duplicate and Triplicate (c,) Propor- 
tions; ſo that Simple, Duplicate and Triplicate (&c.) Propurtions 
are to be underſtood in a different Senſe from . 
6.10.1 3 
but thoſe of Simple, Duplicate, Triplicate, Sc. Proportions, is 
thar of a . 44 . ada, &c. ro 1. Or if the Simple Proportion: 


Ratio or Exponent is 


— 


b 


=o | | | 
7 * 7 = is the Exponent of the Tripl. Prop. * . 


or 
4 


„ O4 
of 


four, or more Quantities in i as 
1.4. 44. ada. a, af, Re, (As in the firft Series Sect. 2. of the 
laſt Chapter.) Then, that of the Firſt to the Third, Fourth and 
Fifth, Ge (viz. 1 To aa. aaa. agaa.a*) is Duplicate, Triplicate, 
Quadruplicate, Je. of the Firſt to the Second (viz. of i TO 47; 
And by Inverſion, that of the Third, Fourth, Fifth, is Dup!s- 
cate, Triplica te, Sc. of that of the Second to the Firſt (a To 1) 
per def. 10. Eucl, 5 But the nature of theſe Proportions will 
appear more Evident, and be eaſier underſtood When they are, 
applied to Practice, and illuſtrated by Geometrical Figures fur- 


Sect. 3. How to turn e/ Equations into Analogies. 
From the firſt Se&icn of this Chap. it will be eafie to conceive; 


tion. 


how ro turn or diſſolye Equations into Anglogies or Propor= 


For if the Rectangle of two (or more) Quantities, be equal 
to the Reftangle of tuo (or more) Quantities; then are thoſe 
four (or more) Quantities Proportional. By the 16 Euclid. 6. 

That is, if ab de, Then is 4: c:: dib. 


From whence there art 
Equations into Analogies. 


Or e:: b: q &c. 


ſes this general Rue for turning 


Ce 


Rule. 
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Divide either fide of the given Æguation (if it can be done) into 
two ſuch Parts, or Fattors, as being multiplied tegether, will produce 
that fide again ; ; and make thoſe two Parts the two Extreams. Then 
Divide tle other fide of the Equation (if it can be done) in the 
fame manner as the firſt was, ana let th 0 two Parts or Fakt, be 


the 40 Means. 


For inſtance, Suppoſe ab "I a4 == 70 
Then 4 20: : d:b+4. Ot 5:4 ::: Kc. 
Or taking 4d from both Sides of the quation, and 
It will be ab —b4— ad. Then 4: 4: : b—a: b. 
G „ e 
Again, ſuppoſe aa þ Te = 2by ＋ 5. 
Here. a and 4 T- zc are the two Factors of the firſt Side 
im this Equation; for a E20 x a = aa | 2ae, 
Aga 9 and 25 +2 are the two Factors of the other Side. 
Therefore, a :y :: 2b x: „ 4 +20, 
Or 20 7»: 4 Lz: ü % Ke 
When one Side of any Æquation can be divided into two 
Factors, as before; and the other Side cannot be ſo Divided, 
then make the Square Root of that Side either the two Extreams 
or the two Means. | | 
For inftance, Suppoſe * +bd= = da + g. 


ag b: b: JA -g :: 8 Tg: cd. | 
gd abs: 5. „ &c. 


CHA p. VII. 
Ot Subſittution, and the Solution of 3 
Equations. 


cl 2. Of Subſtitution. | 


When new Quantities, not concerned in the. firſt ſtaring of 
any Queſtion, are put inſtead of tome that are Lye; in it, 


chat is called Subſtitution. 


— — 
For inſtance, If inſtead of bc —de {yo put Z, or any 
other Letter. 


That 15, make 1 e — de. r l 
: . Or 
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Or Suppole aa L ba — ca + da = dc, inſtead of b c +d 


„put , or any other Letter nor engaged in the Queſtion, viz. s =b 
e 4 Then aa 5a = de | 


„That is, if c be greater than b4+ 4, it's az — 14 = de. 
be But if 4A be greater than e, Then it's aa + 4a = de 
be And this way of Subſtituting or putting of new Quantiries 


inſtead of others, may be found very uſeful upon ſeveral Occa- 
ſions ; viz, in order to render ſome following Operations in the 
Nueſtion more eaſie, and perhaps much ſhorter than they would 
be without it, as you may obſerve in ſome Qurſtions hereafter 
propoſed in this Tract. 5 
And when thoſe Operations, in which the Subſtiruted Quanti- 
ties were aſſiſting or uſeful, are performed according as the Na- 
ture of the Queſtion required, you may then (if there be Oc- 
de WM cafion) bring the Original or firſt Quantities into the Aquation, 
in the Place (or Places) of thoſe Sub/tiruted Quantities: Which 
le. b called Reſtitution, as you will fee further on. 


AL | . | | | 
| SF. 2. The Solution of Quadzatick Equations. 
vo 


5 When the Quantity ſougbt is brought to an Equality with 
' WW thoſe that are known, and is on one Side of the Æquation, in np 
more than two different Powers whoſe Indices are doable one to 
another, thoſe Æquations are called Quadratick Æquations Ad- 
f.ed; and do fall under the Confideration of three Forms orCaſes. 


Caſe 1. aa + 2% = de. as ＋ 2ba* = de. 
And ; 


Ms 


Cale 2. aa — 24 = dc. a4 — 2ba* —=de. 
Caſe 3. 2ba — aa = dc. 2a — at dc. 


cas +2bas — ode, 7 Caf ＋ 25.4 = dc. N 
Alſo 5 4⁰ Faw — ac. 8 And 5 2 — de > &c. 


20a — 4 = ac, © 2b4* — . de. 


When there happens to be more Tims in one of theſe kind 
of Equations than Two, and the higheſt Power of the unknown 
eig is Mulciplied into ſome known Co efficients ; you muſt 
Reduce them by Diviſion ; as in Sect. 4. of Chap. 5. and for the 
g of Fractional Quantities that may ariſe by thoie Diviſions, Subſtitutę 
another Quantity doubled. f | 
For Inſtance, Let baa -|caa = 0a da do + cb. 


— 4 | b | ITS 4 4 


=] BY — And 
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n... 


e ly mY Feb 
And if you pleaſe, for 5 . put 3. 


Then will aa — 2x4 = z be the new Equation equal to 
the other, bei now fitted 34. a Solution. 

Now any of theſe three Forms of Equations being thus pre- 
pared for a Solution, may be reduced to fimple Powers, by caſt- 
ung off the ſecond or /oweſt Term of the unknown Quantity 
which is done by Subſtitution, thus, always take half the known 
Co- efficient, and add it to (Caſe 1.) or ſubſtrat it from 
(Cate 2.) its fellow Factor; and for their Sum, or Difference, 
Supe tute another Letter. As in theſe. | 


Let | 1 40 L-2ba = de Caſe 1. 
Put 2 |a + b=e 


20-2 | 3 aa ＋ 2ba+ bb ee 


37 bb Dee — de 


Modes 1 | ee= bb + de 


e S 15 
| 7 la+ b=\bb +a Per Axiom 5. 
bs En —b 3 
Again. 
10 I r [ae 2ba de Caſe 2. 
Put 4 -e | 
Pip 3 jaa — 2ba ＋ bb = ee 
be. | 4 225 
ee —= de + bb 


4T4|s 


5w2 . N 
25 6 7 4 - Vd 

1 8 EVE ECL 3 
In Caſe $. From half the known Corffeine Subſtract is 
fellow Factor. 


Thus, Let BS 
: Put 
2&2 E 


— 


25a — aa = dc 

* HEIRS gg 

1b — 2ba + aa = ee 
4 [bb de + ee 

5 ee = bb — de 


1 +3 
16 
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e —x bb —a 
D 
1—. N — de 
- &c. 9 la=b—y bb — de 1 
And this Method holds good in thoſe other Æquat ions, wherein 
the higheſt Powers are 41, af, a®, &c. As for inſtance. 


— 


: Let i 2 2 bas =de, Caſe 1. 
| Pur a3 -b=e 7 
2 @& 2 2 a* + 2ba3 + d ee 


2 

3 l 
3—1 4% fee — de 
4 ＋ de | 5 lee l . do 

6 

7 

8 


5 2 6 le J + 
2, 6 | 4? + b= N de 
1—b|8]& = bb+de:—b_ 
8w3 | 9 la="f : bb + de:—b 
— Ihe ſame may be done with all the Reſt, Care being taken to 
Add, or Subſtra&, according as the Caſe Rquire. 

But all Quadratickh Æquations, may be more eaſily Reſolved by "NR 
Compleating the Square which is grounded upon the Confideration | 
of Raiſing a Square from any Binomial, or Reſidual Root, (See 
delt. 5, Chap, 1.) "aw. 

Viz. If a + b be involved to a Square, it wiltbe, aa + 2ba+bb 

And if a—b be ſo involved, it will be, aa — 2b4+bb 

Whence it is eaſie to obſerve, that aa ＋ 20a = do. Caſe 1. 21 

And aa — 24 = de. Cale 2. Are imperfect Squares, 

| wanting only bb to make them Compleat. And therefore it is 
that if half the known Coefficient, be involved to the Second 


1 wi ws . + - 


oer, and that Square be Added to both Sides of the Æguation, 

itz the un own ſide will become a Compleat Square. BY WM; 
, Co. efficient 

Thus, Let 144 ＋ 24 = de. 32% 8b, which being 
But la | bb =bb Cſquared, is bb. 1 


1 +2 | 3 aa T aba+th=de+bb Cale 8 
23 2 [4 ZT == N As before 
N 5 e 


— ——— 


W i 
—_—_— —  — — SC 


— __ 4 


well - Again 


% ' 
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Wl Again, } 1 
14 Ter |1 ws — 2ba = de Caſe 2. T 
1 But | 2 bb = bb | _- 
| | „ 3 + 2 | 3 [a4 — 2ba —+ bb == + bb T 
1 r ! 
| But, in Caſe 3. you muſt Change the Signs of all the Tem 
in the Æquatinn. „ WE 


Thus, | 1 [2ba — aa = de Caſe 3. 5 
1 I [2 [a — 2b; =— dc- 
Then 3 [aa—2ba ＋ bb — bb — de &c. 


— — — — 


— 1 — — 2. —— 7 
— 3 Eb = I — 2 co * 
— _ 
I 


———— 


—_ rs ag. Its oe TIE. = 
PP . ² 
— — L 7 r — ＋ 7 — 
D — on En 
— — 
- 


And this Method of Compleating the Square holds True in thok 
other Equations. | 


Viz. | 1 [aaaa + 2baa = de Caſe 1. 


a For | 2 bb — bh As before, 
1 +2 | 3 |aaaa + 2baa ＋ bb = de o+ 1b | 
3 uu 2 4 144 +b—=\/de+th | A 
4—b 5 G = N . = = 
.Sw2 [6 = N: de + bb And ſo for thereſ 
Oe ler 14 + 254 de As before, Cale 1. 
And | 2 bb — bb 
1＋2 3 e 2baaa + bb = de ＋ by 
3 2 14 44 + b de +bb 
4—b | aaa = de + bb: — 1 I 
5 Be ——— —-— 
5 3 [6 N E —b &. 
* ks rn RT OI BING h — Uũ— ——— | | 


_ Corollary. 


Hence its evident, that whatſoever Method is uſed in ſolving th:ſe 
(or indeed any other) /Equations, the Reſult will ſtill be the ſam!, 
af the Work be true; as you may obſerve from the Operations of this 
Section: For both theſe Methods here propoſed, give the ſame Theor 
rems in their reſpeAive Caſes for the Value of (a.) 


Thus 


Mi 


) 
] 
ö 


0 N as 2 LEES. TE 
J FRY — 


— 
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Thus, when 4a + 2ba = de Then e f | 
Berrem 1. a= de LU 

And when 44 — 2ba — de Then 

Theorem 2. = , de-+bb 


Again, when 22 — 44 = de Then 


Theorem 3. aA=b— of bb — dc | 

The like Theorems may be eaſily raiſed for the reſt, 
If the known Crefficients (of the ſecond or leweſt Term) be any 
fingle Quantity, as aa + ba= dc, &c, Then is 25 its Half, and 


% will be the Square of that Half: Thar is, 40 x <=" 66. 
And then the Work will ſtand | 5 


aa + ba = do | 
aa + ba + 3bb=de + 1h 
a de +5: — 2b. And ſo for the reſt. 


Thus, 1 
Ci | 2 


2 W 2 |? 
X 


Note, C o placed in the Margin againſt the ſecond Step, figni- 


ies that the imperfect Square aa + ba in the firlt Step, is there 
Compleated, viz. in the ſecond Step. | 


| Now by the help of theſe Theorems, it will be eaſie to Calculate 


6 find the Value of the unknown Quantity (a) in Namogrs. 1 


Example 1. 


| Suppoſe an f. 2ha f. Lerb=16 And 4 4644. 


Then 4 4 + bb : — 5 Per Theorem 1. 
But 3 | b = 4644 +256 = 490 And J 4500 = 70 
| Conſequently a = 70 — 16, Viz. 4= 34. 


But every Alfected Equation, hath as many Roots (or rather 
Values of the unknown Quantity) either Real or Imaginary, as are 
[the Dimerſions (ViZ. the Index) Of its higheſt Power; and therefore 


the Quantity a, in this Equation, hath another Value either A 
frmative or Negative; which may be thus found, 

The given Æquation is aa32 4=4644, and irs Rot a==54 
Let theſe two Equations be made equa! or Equated to o, 
7, to Nothing, . ae 


Thus, 


eee eee er OR 


—Y 
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1 dls. tte lit... At .-. 


2 Part |, 
Thus, aa ＋ 324 — 4644 = And 4 — 54 .. 
Then Divide the given Æquation by its firſt Rot, and th 
Quotient will ſhew the ſecondValue of 4. E 
Thus, 4 — 34 = o) 44 K. 324 — 4644 =0 (4 ＋ 86. 


+ 864— 4644 
3 i 1 RE nes 
Hence the ſecond Value of a is =— 86, Or 86 =—; 
which ſeems Impoſſible, viz. that an Affirmative Quantity ſhould 
be Equal to a Negative Quantity; yet even by this ſecond Value 
of a, and the ſame Coefficient, the true (or firſt) Aquatio wax 
be formed. S) | 


Thus, Ler | 1 ja =—$6 „ 
1&2 | 2 |aa=+ 7396, viz. — 86 — $6 —=-|-139 
FFF TS: 
2+ 31 41aa + 324 —= 4644 As at Firſt, 
5 Example 2. 
Suppoſe | 1 [aa — 74 = 948,75 Then per Theorem 2. 
10 0 |2[aa—74 + % =948,75 + P=96: 
2 u 2 2 4 — 1 (Or 3, 30 = 6 =3t | 


3 + 3:5 [4 Ja=31+3,5=34,5 


** ä 
— — 
— 


Again, for the ſecond Value of 1 
Let 44 — 74 — 948,65 . And 4 — 34, 5 0 
Then, 4 — 34,5 = ) 4 — 74 — 948, S ola ＋ 27, 
Conſequenily his ſecond Value is a =— 27, 5 
Which will form the Original /Bquation,. aa — 74 9487) 
if it be ordered as the laſt was. 
5 Example 1 35 
Suppnſe 364 — 44 2 243 Then per Theorem 3. 
5418 — 324—243 viz, half 36 ſquared is 324 &c. 


Thar is, 4 18 — J but 81 =9 - 
Therefore a = 18 — 9=9. Now this third Form is called 
an Ambiguous Equation, becauſe it hath Two Affirmative Values 
of the unknown Quantity (a), both which may be found without 
ſuch Diviſion, as was uled before. * 
00 


—4 
uld 
alue 
Nay 


led 
ues 
Out 


Fo 
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For in this Caſe, a =18 ＋ V8, viz. a=18 +9 = 27, 
Or, 4 =18 —9 =9, as before; And both theſe Values of a 
are equally true, as to forming the given Æquation; 

Vz. 364 — 44 = 243. For if a=9, then aa =81, 
ind 364 = 324; but 324 — $1 = 243, therefore a= 9. 
Again, if 4 = 27, then will a4 =725 and 364 = 972. 
But 972 — 729 —= 243, conſequently it may be, 2 
Now either of theſe Values of a may be found by Diviſion, 
25 thoſe were in the other two Caſes, one of them being Firſ# 

found by the Theorem. 


Thus, let 364 — 44 — 243 2 0 And 9 —4=0 
Then 9 — 4 ) 364 — 44 — 243 20 (4 — 27 o 


94 — 4a 
274 — © — 243 
27 — 243 
( (6) 


Henee, if 4 — 29 =o Then fa=27 As before. 
| Notwithſtanding all Quadratick Æquations of this third Form 
laye Two Affirmative Roots, (as in chi yet but one of thoſe Roors | 
will give a true Anſwer to the Queſtzon, and that is to be choſen 
according to the Nature and Limits of the Queſtion, as ſhall be 
ſhewed further on. | 


| $cholium, 


From the Work of the three laſt Examples, it may be obſerved ; 
that the Sum of both the Roots, will always be equal to the Coefficient 
of their reſpective Equations, with a contrary Sign. 


Thus. In Example 1. aa + 324=4644 


3 
— 1 185 


: | 24 2 — 32 
In n 2. 44 — 74 = 848,75 
ere Fan,, 
And + A⁴ 


ln 


24 . ＋7 
In the laſt Example 364 — aa = 243 
Which was changed into aa — 362 = — 243 
| Here a= 9 Add 
And: <= 27 i: 


24 = 36 
Dd Hence 


— 


. 1 
— Oh = 2 —— 


— — — — — — 
— ä—äöää—̃̃ —— 


— 


— 


2 
— 


— 


— — amn ; \ - ——_—— i II - rant y F- p — * 5 ——— 
7 w s a bs : r = — 4.09 2 x 4 2 — + N e 1 * 8 
— 0 — re * 2 4 rr — 3 — .— 2 £ ” : 
8 8 q — * — = RB 3. 4 pins ů ——— — g —— — —— rr 5 £ — 2 — \ — — — 2 
* re * PP p Rr ̃ —³ll en ee — Eä—  «.- - — Jae 2 2 — 8 — _ 
q ſl : — * * 4 : _—_ a « = K R i; ow . - 
— EM > — th — — — —— ——— — 8 & _ ante coo = —— 7 — by > 4 
, ; . — — — — Yes — — — CORY Or v—_ 1 — She's — — 
28 15 8 * _ * * N ” — — — 
— , 
4A . — — < 5 * ky = 25. = 5 = _ = 2 

a x 22 — I IS — - — — 

. —— 8 2 222 I ne FR cate — . gels DE — WT ae — — — — — 
— Y * * * or" 2 2 2 2 = 7 — 
25 - — A - — 5 _ 2 , . — — — — 
— 2 — — 7 1: — — — — — = * A : 


— — — 
ao ERC ret s.” - or nn pt, 0} 
CCC 


V — 


——— — H 


. 


b 


2 — 0 & 
8 — . _ A 1 
wa — — —— - — eb er CEO» rey 1 


Algebꝛg. 


Hence 1's Ebident, that if either of the 
ober may be ee had without Divifion. 
If the Contents of this Section he well underſtocd, it will be 
egſie to give a Numerica! Solution to any Quadratich Acquaticy 
that happens to arile in Reſcluing of Queſtions, & c. And as for 
giving a Geometrical Cenſtrnction of them, I think ir nor Proper 
in this Place; becauſe ] here ſuppoſe the Learner wholly Tenoran 
of the firit Privcrpies of Geomet:y, therefore 1 ſhall refer tha 


Work to the next Part. 


Roots be found, the 


” 


_— 9 2 > L —_— — 


CHAP. IX. 
Of Analpſis, or the Method of Reſolving Pzoblems ; 
Exemplified by Variety of Numerical Queſtions. 


N. B. Here I adviſe the young Learner, to make uſe always if 
the ſame Letters, to repreſent the ſame Data in all Queſtions, 


Vic. 4 If a repreſent any Newer & aches 95 9 


And erepreſent a leſs Number 
4 Fes Their Sum, 
a—e=d Their Difference, 
ae —p Their Product. 


Then let —=4 Their Quotient, 


as Pee gi The Sum of their Squares. 
aner Ihe Difference of their Squares, 


= — 0 2 


— — 


Any Two of thele fix ( , d, p, . . x) being given, thence to 
find the R; which admits of fifteen Variations or Queſtions, 


Queſtion 1. Sufrpiſe s and d were given, and it wete 
required by them to find a.e.p.g.z .and x, 
Ler 7 | : CFE and ſuppoſe fas Then 
135 


2— =d 42 192 
1 2 [3 24 =5 + d= 432 
J | | 
—2 14 P\=——-=216 Here 4 is found, 
( 
15 


| LG — 5 — 4 — 48. 


( 


25 


hk, TY >. Of america "Durltions. ä 


the 
EET 128 1 3 
5 +2 [6e —=24 Here e is found. 
1 5 
4X 64+ = 5 = 5184 Here p is found, 
| | af 4 ES 4 5 | 
b 5 5 == 9 Here q is found. 
25 7 ON tr 
40 2 | 9144 = — —= 46656 
| j 5 | 1 5 4 
6G 2 liolee = My 376 
o + 10 11% Fee M 3 7 = 47232 3 found. 
1 4 — ee =ad = = 46080 x found- 
Queſt on 2. Le? „ and p be given; To find bs Ret. 
: 1] a+e=s= 240 . 
Thar 15, 4 2s 2 Quere 4. . 4. . . x. 
180 2 3 aa + 2ae Ty = £4809 
2X4 | 4 4e = aþ = 26736 
3—4 | $514— #8 e 36884 
182 4 due 191 
us] 8 
1 D 
12781 Y: 1 Here à is found 2213 
1 | | 
126 41 — 
— } $ > al $5 — 4 | 5 2 | 
9 22 loſe = — Here e is found = 24; 
| 1 
3 | 4 S 
„ 7 
88 2 1244 e Wo 


10 C 2 bs . 


1 — N 49 —Þ 
2 


Dd z 12 713 
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12 ＋ 13 Ty aa + = — I = 2= 47234 


12 — 13 [154 — ee — — 


Pa rt. l 


' Queſtion 3. Suppoſe s and q are given, To find the Ref, 


. 1]4a+e=$s= 240 
Viz. 4 Bo FE Quere 4. 6. d Pe78 
7 . 
1 X # 3ja=qe 3 * 
1—3 4e =s — ge 
4 14 5e Fe 
1 
32141 N For q+ 1 Xe e. 
—6 [os WT orgs 
mn qFi"eFy 
MINS ag 
6 —— 
* | 8] ae 77 TF7 PI p 
9.— 
78 n 
FWW 
78 2 158 F 
„ 
6 O 2 fee = —— os 
6 & MECETES 
| 44 Þ 5 | 
IC 11 ee ĩð 2 — = 
* [43 44 f. 77 ＋ 27 1 I 
10 — 11 113 44 — ee eee 
. — 


** 


— 
Lr — — 1. 


* 


e + Let s and 7 be given; To find the Reb. 
We 


ee 1 2247232 > Quere a . d. 5 PN 
1875 A200 + ee = | 


3 —2 | 4 | 24 = — 3 
5 


aa — 246 + ee=27 — 55 


5 un 2 6 — 2 NA d 


11 


4 
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5 os | 


9 20 =5Þ of 23 —95 


1 The Reſt are found 


juſt as in the 2d Que- 
ET” 2 ſtion; the 8 and 10 
2. 3 Steps here, being the 


. 1 ſame with the 
| 2 8 and 10 Steps there. 


1 
2 


ih. 


1 


1: — —— — 


Queſtion 5. When s and x are given ; To find the Ref. 


Viz. 1 


Ila. .= 240 
— . 4. e. LITE Fo 


— — 


ao 
3 
2=1 3 4 —e=—=d Viz. a be) aa—ceſge 
7 23 7 
14211 24=8+ — == 
11 ucts 
432 
+4 36 — K 
22 C3 =85 — = 
1—3 | : : 
= $5 — & | 
6 ＋ 2 8 > 
| $555 — XX 
N 
"WEE. 
S =7 Ie 1 
0 + 2565 + xx 
5@ 2 1044 47 
LN 28 xx 
762 1—ã ̃ —— — ns 5 
| | „ tals x 
10+ 11 124 | ee = 5 


I” —_— _ — . — 


— 


AQueſtion 6. Suppoſe d and p are given; To find the Reſt, 


36 


Viz. 1 | — 55 I Quere 2. 4. . 4 4 


192 


1 Ce | e 


142 
2 4 44 42e = 47 
374 25 „LA FAE 
3 26 aÞe=4/dd+qp=s 
6+1 7 44 A 
l LETT ET 
722181 
6— 1 9 8 
eee: 2 
92 10e — 2 
t = d+/dd+ 4p 
„ l "add T: —d 3 
12 4/4 + L 
88.2 1214 — Dy 
42 4 3 
1002 13% == 
12 E13 14 4 Le =dd L 2 = 
12 — 13 Fs e 


Aneltion 7. Let d and q be given; To find the Rep. 


I [a—e=d=192} 1955 
Viz. , a Quere 2. . $A 
r S 79 e 
2 0 e 43 . — 
i+e „ 
* 4 5% de 
5 — e ol bo OE | 
© 1 AN For 2-1 fe-. 
| 9| * — 


. 


— 
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8 . 2 


1 @ 2 |12|ee= — 


11+ 12 


II — 12 


qadd 


42 77 — +1” 
qqdd 


* 


1144 —= — 


77 — 27 +1 [0-08 
5 14-4 — 
13 4a Tee 72 F: 
_944d + - dd 


Mt oe = "a = x 


ins, a. 


4 


— 
— 


Queſtion 3. Suppoſe d and & given; To find the Reft, 


Viz. 4 | 


＋ 


I 
2 
2 
3 


+ 


$ © 2 


10 C 2 ae — 


* 3 


u. 


„ 
„L en, Quart 6.6 6.9.x 


4 — 246 Ces = dd : 


246 =x — dd 


„. | 2 5 


3 
4 
4 5 [44 ＋ 2 L. 1 dd 
6 
71 


24 — d ＋ 5.4. 27 — rage 2 * . Ml 
of d+guzndl 148 
es OD” wt 
9 2e NJ 24— 4 dd: d ; bf 
I 5 
101 —————ꝛßÄ5rßXÄ——— . 
11146e— _—_ zz 171 
2 is 
I LAV — dd ? ls 
1 $i 


112 ITS jr we o/ 23 — dd = & 


9 = 10 15] 


— —üäͤ— . — ro——_—_, —— 


12144 = 


2 
14 25 —dd 


2 — — > ane % 7. 
r S 
WARE, - V3 3 
& 2 — * 
= * ERC 


Fa 


e 404-7 
« 5 bo 


? — —— 


3 dÞ4/1;—4 
Jam end” 
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— | 


tt 


"Agebza. "Pare 


mnie... 


wo Queſtion 9. Let d and x be given; To find the Re Reft, 


i1[a—e=d= 240 
viz. 3 * Quere a-e, 1 5. . 
121 b BIO = 5 VIZ. 4—e) 44 — es (4 a+e 
1+3 | 4]24= == 
; — 1 
1452 1 l 
I x — dd 
xx — 4 _ | 
$X6 T-— 1,44 apa o 
| 2 3 | 
$5@2 | 9 44 = 3 
— L 4. 
608 2 17 — 7 
3 Se 
e 1 eee ee 
Aueſtion 10. Let p and 4 be given ; To find the Ref. 
| 1 
Vi 
17. 2 2 29 Y nds e. d. J. X. 
CCC 
1 X 2 18 For XS = == 4a 
3w2 | 41 4=\/qp 
5 1 ae ag ace 
vv —2 1 For of he? uy or 
| p | 
3 w2 | 6 Roads, 
Pp 
(+6 | T. = NUN 


40 
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1 ..- 94 85 
9 e = 


** 1 FP 1 n 


N . PI Fi 8 — 


— — 


Quettion 11. Let p and 7 be given; To find the 1 


Laa = 5184 
2 1 1 4=47232 eere 4, ec Kc: 


24e =2Þ 
aa ＋ 24 ＋ ee =; T 25 


3 
4 
4 un 2 $14 T NIA +2 =xs 
2—3 | 6]a4a — 24e ＋ ce 2 N — 2þ 
7 
8 


1 *» 2 


2Þ+3 


oe ret een 


z 
* 2 
— WO RA — er>=— — * 9 — — 
— — — — — — 
* R —— ks, Ne — ag 
. , 7 y TO, 5 4 * iy whe hos — . oe gn * 2 5 8 3 > 
+ — — Rr —— , * . 5 : N 


F SIE In were re 8 
. es ILL A 2 K: 


hoy 1 3 n - l 
— — — INS 5 bt 1 es hy HE, * . 4. 3 . * Gn _ N 8 
2 3 Me - Ne... Wt r fo 8 — v3 Ly * K* q Jo er 1 2 I” 3 
. d —  — — i TR le EI = 2 
p 7 . — — F ſo pag: < 


** 
2 r + lng; x 
* 22 * 
- „ — — 
2 r - 
capa SEES 
0 1 — 


3 2 ä — IC; bd a 2 a \ 
2 4 - = FECL a inet ha 2 — TP, Dy » ö * 
Feen dec iv Spry Wages — — ar - 2 ; 8 5 
. K * * - - - o 8 PR O 
— - 2 DRE _— 


— B Ä A SS 
222 ˙· -A n 
* 5 8 L 4 — - 


6w2 — Ed 
PETE 24=/ 3 +2 + x—wp 
1 K Ex +2p 


4 
1 24 7 
I 


90.2 03 2 . Li 


11 & 2 14 ee 


44 — ke 5 — — af =# 


8 


— a —— — = CE 


FEST 12, Let p and x be given; To find the Reſt. | N 
1 = 1184 14 

Viz. FT 2 — ce x = 46080 } Were 4.0. & 1 
18 2 |: 3aaee == pp me ö N 


E e 2 1 


s — 


21 10 1 Agb Tr. Part. Il, 
20 2 444 — 2agte | eece = xx 8 0 
39 44  4aaee app | 
4+5 | % + 2aace Þ eeee = xx T app 
6w 2 7144 + ee = Nx + app = =2 
2+7 | 8 244=x |} xx + app 
x4 , = 
7— 2 6 ES JETT: 
11 4 2 12 r e To. 
| PETTY . 
has 5: N. CET — * 
A x ( >; 
3 e nt - 
5 2 fs 
Jo — 13 14 D Fape NEE _ =s< 
9 + 12 16 1 N 


— 


Anueſtion 13. roving s and given; To find the Ref, 


viz. 4 : 

- 
1 1 
3 O 2 4 
2—4 | 
4 Lee j 6 


1 
17 Fr 


—— — 


* 


. 
9 [208 4e. & 
4 e 45 N 


: — 


4=—=4e.. 
4a = ggee 
ee = 7 man qqee 


qqee Þ+ ve X 


For 94 þ 1 ee ee +e 


5 


. 


Ge 1 . . Ge . - l 4 ; "me 
4 a 7 Na 1% "ITY" 1 6 
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ak FE pe £0 els 
C 
nnn ECT 


* 
—4 i 4 
3 einen re BI een ET SSD LING 
— vu Pr <5 1} a n ©” js = 
vhs > * — 
> d -. - = BY 90 — * wo 


« 2 8 
N 3 
NN 
———— 


8 
Kees - e 
* — r A NM 
: F „ ” 
— 2 E ˙ 1 eat I IAES + 
. ng — — Ss —. r 2 SGD 2 4 a 4 * 
— * 2 ade — TY I . LON - 4&4 - 


ata 
A _ 2 * 5 A 
8 , 
„ 2 T 2 
LO; db ES 
* 7 5 oe” of 
— — — 


F ba wine nt TT | | 
Sdn ty 2 8! 


=” [or . Fr; + i= 


— 10 f — 1 04 


* 10:4 = Sn = | 3 
1 ret. 1 
| — 7 .= = TA, 1 


( 


— ——— 
* 


9 — Ä— 


N Rr = —— * — 5 — * * 


3 | 
Viz. 3 | 'Þo wand Sant Quere 4.e. &c. 


| 
— — — — | 


—  . — 


1 X. @ | 34 qe 
3 ® 2 | gſaa=qyee 
44 =x + ee 


| | 


qqee = x + ee 


* ö 


OR 
0 7711277 EI TY. 


83 9 15 e 4.5 | | 
| Queſtion 15 When 3 and x are given; To find the ry 


114 ＋ ce 2 = 47232 
Viz. = 2 e Quere 77. by 


1 + 2312 
* 


3 = 


| 
10 * 


5. 


4 


4 +» 


© Theſe Fifteen Queſtions are © propoſed i in Doctor Ta $ prongs ; 
FD. he pu: ſues only the firſt Queſtion throughout, and breaks 
off in the other Fourteen, after the Values of what I call 4 


and 6 are found. Bur | have proceeded in every One of them. 
TY 


F 


— 
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— 


end the Values of all the unknown Quantities, becauſe the 
d ſuch Variety, as being well obſerved by a Learner, will 
” found very uſeful in the Solutiam of moſt Queſtions. 
Note, I have choſe to uſe the ſame Numbers for the reſpective 
ie of each Quantity throughout all the Queſtions, becauſe 
hey will be more SatisfaFory in proving the Work, than various 
umbers would have been. Not bur thar any Numbers may 
e taken at Pleaſure, provided that the Number repreſented by a, 
e greater than that by e, &c. I have omitted the Numerical 
deulations purely for the Learner to pratiiſe on, 

Queſtion 16. There are two Numbers, the Sum of their 
eres i 2.368 3 And the Greater of them is in Proportion to 
te Leſs, 45 6 To 1. What are theſe Numbers ? 3 

Let 4= the Greater Number, e = the Leſſer, and 7=2368 


Then | 1jaa K ee n N * Rin, i 

And , 4: e:: 61 By the Ryeſtio 1 

2 * | 3j14=6e 0 

ö | 

30 2 | 4]44a== 36ee 5 | 

„ ͤ 14 

5 1-36ee « 37 ee ET ; ö 

1 37 Fe 1 = X FF « CIf a= 48 | 

8 f | „ 925 | And . 8 il 

| | 144 

| 4 ==2 1 

7 1 2 | 8 Xa * e | 304 "bl 

. N 7 Proof | 68. =: '64 Mi 

6 „ 4 

8 X 6 | 918 J = 48 | aa + ee: = 2368 | 

5 1133 And 48: 8 :: 6: 1 
el. «= 4b BEE by VVV 


— — — — * 


Aneſtion 17. There are three Numbers in continued ropor 

tion, the Sum of the Extreams is 156, and the Mean it 72: 

Woat are the t Extreams ? 1 | 
Lat is, Suppoſe 4 m. e. in = and m=72, 


Thend | ' rhe e=s.= 5 40 the Queſtion, 


2j4:mc:i:m:e nere 4. 6. KC. 


2 — lac D m m 
18 2 tet 
X 41 5 


440 m m | 4—5 


214 Algebza. Part. 
4 — 3 64 — 24% Eee = am m kh 

6 w 2. 4 Am m 

1+ 71 S122 2 EN Am m 

= s-Þ+ I= Am m — 
by . to. | 

£7 „ 

LY „ CTA VALLL AE — 48 C ich 


7 


Queſtion 8. There are three Numbers in , their Sum i 
74, and the Sum of their Squares is 1924; What are th 


Numbers ? . 
Abt t, 4, , „ ite n «. 


> 6» =w 


w COA O 


Then 3 


W OQOw &> UW DB w 


0 
+ in =45 —F 


aa + ee + yy= 7 =1924 
: | 


4 +e+y=s=74 0 


Were 4, e) 


ay = es 

a . — e 

aa EY N — ee 
24% — 2ee 


] 


l e y=z Tee 


94a + 24 + yy = 55 — 250 + es 


; Tee — 2e + ce 


— 24 


12 


2 


1 


[19 


[31s +yj=$5—e= 50 - 


14] as + 24% + 53 = 2500 


| 
151 44% = gee = 2304 
164 — 249 ＋ = 496 


Tla—y=q/ 196=14 
1824 T= go + 14 = 64 


20 


Ta 32 „ 
e lo f =! 


— — 


— ww 


Note. In all Queſtions about Continual Proportionals, leithet 
Arithmetical or Geometrical) where Three Terms are ſought, the 
Mean is Eaſieſt found firſt (as above ;) and if all the Terms be 
Affirmative, then tis equal whether the Firſt, or Loſt Term be 
the Greateſt, | 


/ 
„ 
2 


A 


Queſtion 


r a—_ MO © a hs — 
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" Queſtion 19. There are three Numbers in — thew Sum is 


ob; and if the Sum of the Extreams be Multiplied into the 


Mean, that Produtt will be 1248: What are theſe Numbers 
ta 17 $4.32 
Viz | a 8 + ep = 3 == 49 th the Queſtion. 


ae + * = 240 


32 
41% D ee 

c TL. 

3 6 ſee r ge — 
e 
8 eee 
9ſe — , N 


EF wy 1— {$i Per Thee. 3- 
9g + . [iole= . ENA —Þ= 24. OY" A 
a 5 = 52 


4 * 4 120. gay = ee = 2304 
11@2 [13 aa + 24 + »y = 2704 
13 — 12 14144 — 245 + yy 400 
14 u 2 1512 — 9, 400 20 
11 +15 |16]24=52 ＋ 20 72 


16 * 1 7 4 2 16 
11. — 17 18172 If — 264-16} Yan ) = 36 
N. B. If you take e — 63 Ig — p= 52 (at the 
loch Step) Then it will be 76 — 52 = 1422 


1s impoſſible, viz, that the Mean ſhou'd be Greater han the Sum 
of the two Extreams, 


Therefore it muſt be e r 4. (See Pag-201) 201) 


Queſtion 20. 1 are three Numbers in e eee Pro- 
greſſon, the Firſt being added to twice the Second, and three times 
the Third, their Sum will be 62; and the Sum of all their Squares 
11 275: What are thoſe Numbers? 


Suppoſe | 1 | a, 35 * Arithmetical Progreſſ ion. 
| | 2 [4 ＋ 2e + 3) =E2 
4 .| 3 PLETE I by the Queſtion, 


3 

416 = per $:8, 1. Chap. 6. 
— 415 ee — 2 

6 

7 

8 


e T = 31 


＋ „ which 


4 e — 31 88 2 


332 * — 4 
1 ———— t5.es -—<nans— 
2 * a Rafe p 
Ss.” + 
Br re 
. 0 p 
CS 


> 2 — 


9 
1 
„ 
1 
I 
| 
} "IF [3 
RI 
1 
* 
4 7 =. 
an 1 
%» 
. 
\ 
\ 
2 


6 Algebꝛa. 


| 216 Part if © 
| G 2 9 aa = 16ee —248e 961 n | 
7 & 2 [10 * = 961 — 124eC gee © 
9 +10 144 T = 26% — 372e | 1922. 
N 8 3 — 11 |i2!ee= 3720 2000 — 1647 
| 12 + 20ce |13|21ee=372e — 1647 | py 
| 13 — 372e [14 zee — 37 2e = — 1647 2 
; 14 =21 if n : | 1 4 a 
| 11 C0 or | „ 23 % % — 
; 17 w 1 le - % u I The Mean. 
1 62 „ 
171 ＋ 7 [is TI Or 85 
18 X 4 19 4e 2 36 Or 3 
„ 236321 Or 347 — 31 275 
| 18 * 2 2126 218 Or 174 
| | 7%, 21 022 J=31 —18=13 Or 31 — n 
| e ee 


— — 


Queſtion 21. There are n Numbers in Arithmetical Pro re. 

fion ; the Square of the firſt Term being added to the Prod of 

| the other two is 576; the Square of the Mean being added tu it 

| Product of the two Extreans, makes 612 ; and the Square of th 

= laft Term being added to the Product of the br into the ſecond, 
| 3s 792 : What are thoſe Numbers 3* 


Suppoſe | 1 þ e, y In Arith. Progreſ. Hs before, 
”” 24a -e = 576 N 
| Then 2 32ſec r .y4=6123 40 the Queſtion. 
| 5 4 J ae =792\) 
r 9 5 E TY —2e Per Se [. Chap. 6. 
5 X e | 6[ae+ye= 200 
2 + 4 | 7jaa Le by 4 = 1368 
7 — 6|8 1368 — zꝛce 
2 — ee ö 9 4 =612 — ee | 
9g X 2 [l0|2)4= 1224 — 2ee | 
8 +10 [11{a4- | Hoa Saha 
5 & 2124 a + 274 yy = 4ee | 
; 11, 12 13 gee = 2592 — gee | 
| 43 +4 |14|8&=2592 
bl 14 — 8 11 ee 2224 PEE 
15 w 2 jI6ſe=4/ 324 = 18 The Mean. 
BY, 17a ＋ = 1368 — 2ce = 720 
lo, 18 Da = 1224 — 2ee = 576 
17 — 1811914 — H Y = 720 — 576 = 144 


1 n 2 20 42 — -= 12 


5 + 20 J2t 24=2e+ 12 48 | | 
21 2 [22]4=24 Or 43 8 
F e 
Queſtion 22% "Tis required to find two ſuch Numbers, that the 
zum of their Squares. may be 8226 and t their Product "Ag 
added to the Square of 1 the leſſer, may be 69 2114. 
: ] 1]44Þ ee=8226: 
Via. | HEE Fe ent „ be. 1 and 25 
1— 23 aq —ae 130% 
1 41.40 = aa — 1305 
1 — 
44.4 110 © 7 „„ 
OT 4. — 261044 ＋E 1703025 
5 & > | Gloe= | Wn 
1 — aa | 7\ee = 8226,55 — 44 
| af — 261966 170302 
$; --7: 48 we Þ 17995 >= $226, on: 
8 „ aa | 9 e 1703025 = $226, 2. 
9 + at 10244 — 26104 + 1703025 = 3226, 1 
10 1 _|r14244 — 10836, 54 =— 1703025 ,, 
112 7 | 12 a4 — 5418,25 = — 851512.5 665 
13 Co |13]4%—5418,254a5+7339358,26562=6487845, 
13 w 2 1444 — 2709, 125 =4/6487845,765625=?547 
14+27 &c. [Le = rpg: 2547» '25 „4425 
uppoſe | 164 = 2709 125-F2547,125 = 5256 
Then 174 MN ISPS E724}, 1} 
ack © lhe EL. BI6242000% 
And 5, 118 Je 7 = 7215 54,3 
Or let [19 aa = 2709,25 — 247,125 = 162 
10 m 1 20A = 162 = 12,71 &c. 
| | 162 — 1: 
Then 21 f n Which is impoible 
Therefore 1 n 18 
= And j =54 "4 2 at the 4M and 18th Steps. 
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This N may be aber 'd with leſs Trouble, by Subſti- 
tuting Letters for the known Numbers, 


Viz, Ws + EEE Then ler 1 — A — aa ae, Xc. 


Ff 


_ —— 


— 


L uez- 


the Sum of the Firſt and Second, being. Multiptied with the Third, 


wih the Firſt, may be 59944 ; alſo, that the Sum 7 the Firſt 


V — 


ee 23. 175 Is ge to find Tiree ſuch Number ii wa 


may be 37824; and the Sum of the Second and Third, Multiplied 


and Toird, being 2A 2g" with the Second, may be 52456. 
Let 7 e, repreſent wa three Numbers. 


Then 4 ea eee q 4 We 4 0 7 
: 3 431 2552456 =d 


E 


1 2-3 * 4 |34e C20 + e 
Let | 5[4z=b-Fe+d Het; 
4 = 2 $a + az + e = 1 2 
6 — 3 TE 18 : 
7 * 42 = —— * 5 
6 eben 
1 16 t 12 


1 61 J =, $26 Ix = a 12 th 11 4.48 
87 3 * 5 Je- 24 5 24 ; 3 
9, : 12 13 e. = — N= N — 2b — _ 1 2 
Nennen, 2 7 | 


48 13 * e o 14] 2444 — 4044 = z="x7 44.4 I 2bz ＋4⁰⁴ 


— 247 — 26 b 
—<cM=>.247 = vbe =, 


14 15 144 = 
27 — 4 46 


15 wiz 16 a=} 55696 == = 236". 


| * 
11 117 1 158 


24 
4 
ele 


"Queſtion 24. 'Tis required to „ fit is two ſuch Aber, hs 
their Sum being ſu rate from the Sum of their Squares, may 
leave 14, And if their Produtt be added to their Sum, it ma) 


make 14, 
Let a and e be pur for the Nuners, and let a- 


ons Lee. 9 2 
: 1 -+) 


> OA v4 ww 1 


S = 


THE N 
i BP nl 

„ 423 24 228 — 25 E 
6 „ 
c a + e = 4/42 —— 
814 egi By Subftirurion above. 
9 = N 5 
0 
l 
2 


8 


Y © 

| +5 + = 42 4-4 42,25 

120 Fr =4/42,25=6,5 

140 =6,5 —1=6 

154 +e==6 By R: Mitution from above. 
16 44 + ee=14 -+ 6 =20 

[74 260= 26 -= 1h =86 

18 44 — 22e + ee — Y 

19 — 2 N= 2 


—— EEE 


3 If a=4 And e=2 
519 224 =8 Then aa + ee—a—e=14 
23 + 2 [1 4=4 Proof 3 and ae +a Ee 14 
IS —21 22 e= 6 2 112 Frm 25% 5 to the Queſtion. 


— 3 


— — — 


Queſtion 35. Torts fm diſcou ing of 2 1 ſaith the 

Firſt, if 100 l. were added to my Money," it would be as much as 
both your Money put together ; ſaid the ſeeond Man, 'f 100 l. 
were added to my Money, I ſhould have twice as much as both” you 
have ; ſaith the third Man, if 100 l. were added to my Mone), 
I ſhould then have three' timgs as much Moyes as both you lern: 5 
| How much Money had each Man? 


Let 4 repreſent the Firſt Mans Money, e the Secend, 
and 7 te Third. 
ie 100 2 | 
Then ? 2|e + 100 7 3 by the Queſtion, 
30% ＋ roo = 24 +3 


— — — — 


2 


— 44] e = 7 

— e ; 24: y- e = lo = euere a, e, 7 
2 — * 34 4 a N = 400 Xs e 
4 „ 6 ere 
r enn 77-6 
5— 8 9 24 — e — 44. — 2e ” 
Bo 44 to 6a + e=5 = 100 A TE 
4TÞ 6 111 3 25 =2000- 


t 2 my 10 „ 


220 


* 


Or — — Yo Na as 


10 x 4 21244 ＋E A = A = % 5 15 

12 — 11 13 „ -: —.. | Hg 

13 22 10 4 = = 1 Nl. 5 

| Ws T0: , io 

10 — 64 0 = 64 = we OP i 
* ; — O 5 

8 == 2: 2 1 <= 63 ! 


C Firſt 91. 15 459554, 

e The roms Man bad 457. 9 5.4. 15 d, 

Third | 66311278 d, 

MNireſfion 26. Three Men have each ſuch a Sum of 10 

that if the firſt and ſecond Mens Money, be added to half of what 

the third Man hath ; that Sum will be 92 1. And i the ſecond and 

third Mens Money, be added to one ord Part of the firſt Man'; 

Money, that Sum will be 92 l. Laſth, if one fourth part of theſe. 

cond Man's Money, be added to the firſt and third Mens Money, 
that Sum will alſo be 92. l. How much was each Man's Money? 


Pur 4 for the firſt Man's Money, 2 for the ſecond, and L 


for the ird. 


; =—=»E }] x ANA, s 

Then $ 2|74- 7 bees che gien And 
3 3 — +47 ere — 5 
1 " | 5 

E 5 14 Fe =Y 

„ . 3 

5X2X3 | 6 ods ws fouly 
e | 
2 X 3 | 8|4 e 
8 — 72 T3e= 35 — 44 

3 10 hehe bet 5 

10 ww 3 11 

3 x 0-6 a 

12 — 2 133 3}4-33= 35 276 

13, 7 is 3 $4 ＋ 44 3 = 276 

I4X 3 15 11% EI = 828 
15 +23 e 30 The % Nun long 

0 e — | 
11 ufer 22 The 2d Man'sMonej 
3 544. 
7 * 3.8 fat Vee = 48l. The 34 Mar'sMoney: 


* « ? * ; bal 4”, j 5 1 * 9 7 — 
» > + 0h | 3 ; * 
"Qui 


| 
| 
; 


——— ——————_s — — dd —_ 
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Queſtion 27. Four Men walking abroad found a Purſe of Shil. 
ings only, ,out of which every one took, a Number at an Adventure; 
ifrerwards by comparing their Numbers together they found ; that 
file firſt took, 25 Shillings from. the ſecond, it would make his 
Number equal with what the ſecond had then left, If the fecond 
ok 30 Shillings from the third, his Money would then be Triple 


fm the fourth, bis Money would then be double to what the fourth 
ad left. Laſtly, the fourth taking 50 Shillings from the Firſt, 
e would then have three times as much as the firſt had left, 
1d $5 Shillings move. GEN | 
'Tis required to tell how many Sbillings each Man had. 
put 4 for the Firſt Sum, e the Second, y the Third, and u the 
8 5 335335 
4 3 — 11 
x. 2 + 30 =3»— 9goC f. 1 
Then 3 29 80 By the Queſtion. 
EF 414 ＋ 30 = J4—1I45 
1 +25 [5] + 50 Se 
2 — 30 6 3) — 120 Se 
5, 6 | 73) a+50=3— 120 
7+ 120 [84 +170 37 

hs | __a +17. 
II 9| | 3 
3 — 40 rot — 21 — 120 


| 4 +170 


ba ook 
o 14% = 234 — 195 

N | a 0 
13, 14 15 bag 911 =P 
15 * 6 16182 — 1170 =4 + 539 
16 +_ |17|[194=1700 
17 2 17 % tou The 1 


Ne 5 80. — 150 end lan, M. of Shullinge 


by the 920 = go Third 
by the 14 21 1o5 Fourth 


nn * 


— WY 


— 9 —_—_ — —__J mac 


Fan. — _—_—————_—_ 
> v * 
6 3 1 , — 
1 N Ue⸗ 6 
2 . x 2 

— 3 7 8 

- 0 — > 

5 


% what the third had left. And if the third took 40 Shilling 
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Wet BS, ty MW. + ed 13 . 
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— , * = a 
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| Queſtion 28. Fowr Me# have each 4 vum of Money, which hay 
 aaded'$ Pounds, it will be juſt as much as the ſecond Man Ms 


nvey decreaſed by 8 Pounds,” and ar much as 8 times the third Map 


Money, and but as much as one Eighth part of the ſeurth Man: J. 


% 


ney; How much had each Man? | 


Læ a, e, „ i repteſent the Four Mis Mimey, / 
"XF.'G 'a e y +4 —=SJ by the Queſtion. Le 
| 2 E © Js 230 and g 


% or any other Nur 2 
28 1 * | ber at Pleaſure, 


3 + b y = n | Becauſe b =a+b 
3 „ „ For ; =a+b 4 
| | VVT 
4 5s +6 | e + +u=a+ 2b 12 +ba+6 5 
I — «6 | Blepy-þu=s—a "6 1. 6 
. „„ 
7. 8 92e 8. 
9 x b % zb T T ba Tb hKE * 
2 J FeE 6 Wo 97h, - ho 
E 
by the 4, —— e 4 + 2b = 32, 691358 &c. 
Fre 
by Fu = 7 | = 3,08641 9 &c. ſt 
by the 6, pro i. I bb = 197530864 Kc, . 
e e 3 
G C= 16 . 13. 9.92591 


pl N 32 « 1 3 . 9,92592 
That 18 . 8,74006 
8 u= 1 98 10 » 7,40736 


Conſequently 4 PE by + u= 249, 19 . 11,9976 
which ſhould be juſt 2 50 J. the dom propoled in the Queftion, 
Now what it wants of that Sum, proceeds from the Imper- 
fection of the Decimal Parts being not Continued on to more 
Places, which would have brought it nearer thę Truth, tho not 
perhaps exactly ſo, Sect. 5. Chap. 5. Part 1 | 

"8; Suh & Queſfion 


725 75 29. Several Merchants enter into Parneflip, every 
oe put 12270 he Steck 65 times as. mam Pounds at there were 


yer 100 . as there. were Partners, Now if 10 l. 17 8. be auard 
to, And ſulſtracted from their Gain, the Product of that e and 
Dijference wi will be 64911. 6 s. 3 4. 
Quere, How many Merchants there were, Ge. | : 


* 


ber: Þ 4p = The Number of plans 
1x 6; 216554 = very one's Sum he put into Soc 
* F 3654 = The whole ork. ' 8 
e 4 8 | 654 | 
And |, 4/199 : @ i: Gas 7 ie by the . 
| 65aaa 
| 34a 
Viz. $3 90s The whole Gain. 
— | {63468 | 
5+ 10,5 6 705 ＋ 10% 
— | [55444 


* 4225 ỹjů Jon the 
N eig., 3125 T gueſt. 


8 

9 4234, — 1102500 64973125 
[0]42254* = 6601 07 
66015625 __ 


4225 


140 
oe. 100 


10 '* 4225 [1147 15625 


1 6 [i2]a=15625=5 The Number of Merchants. 
12. X 65 113 65a = 325 _The, Ne. of Pounds each put in. 


Queſtion 30. het Merchants foyn  Stasks together ; - the 


Firſt Man's Stock was leſs than the Second Man's by 13 L The Se- 
cond and Third Man's Stock was 175 l in trading they gain 48 l. 
more than their whole Stock was; the Fir? Man's proportional Part 


of the Gain was 78 Il. What was each Man s Stock, and part of the 


Gain? 


t e „ N repreſent each Man's Stock, 
Then | i]ſa+e+y=s The whole Stock, 
-L | 2]-+48= The whole Gain. 


M1 ; 4c 2 BE 25 IN FT eek 
4 FE: 4 14 — e+ = = 475 WA 


$=175 ＋ 4 
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Peeners'; -- with that Stock they traded, and gain d as many Pounds, 


» n ; =_ — — rg wg aan — — — — — — —  — — . 
. — + 5 — ** 27 2 * * — 
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e n 


1 2 — 
— — — C — 
- Mong vt IT —_— 
1 Eo 
EE add Fe SE Ee 
egy wanton ang en ON, 
** a4 — 2 
Wa 2 4 * 


+ | "Tam. 7" is | 


6, 2 8 7 1 1 2 — 2.43 1 . 4 17 
But 3175, 4223 ＋4 :2 4 78 en 
8 * 1944 aa +. 2234 = 78 1 13650 1 
9 — 782 to) aa + + 1454 = 43659 - + - 
10 C 4 114K 1434 + $256,235 = 1890623 
11 w 2 12/4 gba 75S 18906,25 = 1375 


Om ——_— 


12=72,5 2 =137,5 — 72,5 =65 


8 5, 14 „ ee 2 
Then 16 352 76 47 93/. ras er Gun 


Again, | 17165* 78. 97: 1160. 8. =ys Gain 

6 Proof 4 18] 1160. 8;. ＋ 931 125 18 2881. The Gai, 
8 als 1 7 78 ＋ 97 = 240. The whole Sr 
1819 120% 288 — 240 a8 1 TheGain more than cheStc ö 


— — —— 


Queſtion 31; A Father at hit Death left bis le Sons all lil 
Money in this manner; to the Eldeſt he gave half of it, wantiaſ 1 
44 Pounds; to the Second he gave one third of it; and! 14 _ 
more ; to the Jung eſt he gave the Remainder, which was leſs than 
the Share of. the Second Son by 82 Pounds ; ; * Was. each So: 


Share? | | — 
Let a, e, » be the Three Shares, and. 2 the wink Fun, 
| 1]oÞebg=; 7 
214 I 44 PT 
Then 31. = ii By the Qetion 


6 * 4,1 7133 24 + 3— 294 

7 * 2 A 

84 9 x = 598 Thet whale Sum that v was left. 

2, 9 liola == — 44 2 250 The El. Son's Share. 

6 , i 1 [e= "32 +14 = 210 The Second Son's, & 
9 1121255" ds +14—82= 138 The — & 50 


Queſtion 32. 4 Man Playing at Hazard or Dice, wen the 
11. Throw juſt ſo much Money as he bad in his Pocket ; the * 


8 


4 Aueſtions. 225 
Second Threw he won the Square Root of what he then had, and five 
Shillings more; the Third Throw he won the Square of all he then 
bad; after which his whole Sum was 112 l. 16 8. Nut Money 
bad be when he began to play 2 . 

Suppoſe 1 a= His Firſt Sum. Then 
11x 2 | 2|24 = His Sum after the Firſt Throw. 
And | 3]5 + Ja The Minnings at the ſecond Throw, 
2+ 3 | 4 2a+5+ a/24= The Sum after the 2d Throw, 
4025 44 C22 1+25-+44 JD: ＋ 16/24 = The 


a +5 | 6]41424a+30+4a\/2a+11/24=22568Sbil. 


— — — moo — —— — — 


Bur to avoid theſe Surd Quantities, let us inſtead of ſuppoſing 
A the Firſt Sum, make a Second Trial. ME 
Viz. ler 11244 = The Firſt Sum, 
1 x 2 | 2|444= The Sum after the Firſt Throw, 
Then | 3|24 +5 = The Sum won at the Second Throw: 
2 + 3 4444 + 2a {+5 = His Sum after the 2d Throw. 
| 5| r6a++1643 + 4444 + 20a + 25 = The 
| minungs at the Third Throw; And therefore 
4 + 51 611644 + 1643 + 4844 +22a-4302=2256Sbil: 


— — 


Yer again, to avoid thele high ZEquations, let us make a 
Third Suppoſitzon 3 Thus, 5 3 
| aa 

le J = The Firſt Sum. 
aa = The Sum after the Firſt Throw. 

a + 5 = The Winnings at the 2d Throm. 

aa + a + 5 = The Sum after the 2d Throw, 
e =aa +a +5 8 | 

ee = The Winnings at the 3d Throw, Then 
* e = 2256 Shillings by the Queſtion. 
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ee Ee ＋ 0,35 2 2236,25 
e + 0,5 = 2256,25=47,5 
roſe = 47 


1% [11 IS 5 =47 
| 


8 
\O © Om Þ w Þ 


11 — 5s liz ＋ a==42 | 
12 Co |13]aa +a + 0,25 = 42,25 
1 2 | 14 a ＋ 0,5 = 42,25 = 6,5 
M1493 [r5j«=6. 
15 O 2 |i6]|aa= 36 | | 
i „ The $hi!. he had in his Pockes 


; 16 = 2 [17 2218 when he began to Play. 
ö — em. _ — — — | * — — 
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ls 2 oft ; q — — 8 3 * = — — — 
Note, In Reſolving of this Queſtion, 1 have made Three dit. M == 
feerent Suppoſitions for the Thing ſoughr ; purely as an Inftanc 
to ſhew the Young Learner, how well he ought to conſider the 
Nature of the Queſtion, when he firſt States ir, and make choice 

of repreſenting the Thing ſoughr, ſo, as to avoid running it in. 
to Surds if poſſible, viz. As in the firſt Suppoſition of a = the 
firſt dum, Sc. Not but that ſuch Æquations may be (olyed, 
as ſhall be ſhewed in the next Chapter. However, it is mot 1 
like an Artiſt ro perform things of this Nature the neareſt and WM the 
eaſieſt way they can be done. 7 

Queſtion 33. Suppoſe there were Two equal Circles, wboſe pe. thi 
ripheries (viz. Circumferences) are divided into 44310 equal | 
Parts; and that thoſe Circles were ſo placed upon one Axis, an and 
move the contrary way to each other; and ſuppoſe one of them u M 11 
move, but one of thoſe equal Parts the firſt Day, Two Parts the ſ. MM Th 
cond Day, Three Parts the third Day, and ſo on in Arithmetich Pu. WR Th 
greſſion, viz. 1, 2. 3, 4, $, &c. And the other to move every Dy ll He 
the Cubes of thoſe Parts, viz. 1.8, 27. 64. 125, &c. of the ſame 


Parts, How many Parts; and how many Days muſt each Circl ] 

i mode, before the ſame two Points meet that were together when they ll tho. 
it began to move? 0 1 8 Que 
[ In order to give a ready Solution to this Queſtion (or any other gat 
in this kind) it will be convenient to premiſe this Lemma. 

| | | | Lea 

Lemma. Th 


The Sum of any Series of Cubes, u hoſe Roots are in Arithmetich that 
Progreſſion (the firſt Term, and common Difference being Unity o 1) Ml © 
is equal to the Square of the Sum of all thole Roots. Asin thee 


Sms i Dich. fic © Thee Cubes 


I I | 
2 8 | OP 
3 27 
4 64 

= 125 
6 216, &C. 


ax $81 =] 441 Sum of their Cubes. 

| Let | 1]a=The Sum of all the Parts the Circle more 

[ | Then | 2|4a— The Sum of all the Parts the 2d moves. 
1 | Conſequen. 3 4a 4 a =443io By the Queſt, (per Len. 

i 3 CH 1 4jaa-þa „525 = 4431025 


4 w! 


—_— — ; — — 2 
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4 $14 +05=4/ 44310,25 =210,5 
| 6 11 the Number of Parts the Firſt Circle 
3 * or T Cmuſt Move. 


1 The Number of Parts che Second 
6 & 2 | 1 —— A — Moves. | 


Next to find the Number of Days they Moved, There is given, 
the Firſt Term — 1, the common Difference = 1. And the Sum 
of all the Terms = 210, thence to find the Laſt Term, which in 
this Caſe is the ſame with the Number in all the Terms. 
Let 4=1 the Firſt Term, e =1 the common Difference, 
and. 5 = 210 the Sum of all the Terms, To find y r the 

Laſt Term. As per Sea. 1. Chap, 6. 

Then yy + ey = 25+ aa— ae by the 16th Step, Page 186, 
That is, B +y = 210 X2 420 &c. 

Hence 1=20 the Number of Days 8 


I ſhall now proceed to give an Example or two of the Me- 
thod uſed in Arguing about Unlimited Queſtions, viz. ſuch 
Queſtions which admir of various Anſwers, ſuch as thoſe in Alli- 
gation Alternate, promiſed in Page 117. 

In order to ſhorten that Work, it will be convenient for the 
Learner to know the Two Signs of Compariſom "7 And L. 
The Sign. 7 is of Gzeater than, As b 7 a fi enifies 
that 6 is F than a, The Sign £4 1s of Leſſer 
* As b E d fignifies that h is Leſſer than d. &c, 


Example I, 

Queſtion 33. 4 Tobacconiſt hath three Sorts of Tebacco, viz; of 
one of 25, 8d. the Pound, another of 2od. the Pound, and a 1 
Third Sort of 16d. the Pound ; of theſe he would make a Mixture We 
to contain 56 Pound that may be Sold for 224, the Pound': How = 
much of each Sort may he take ? 


Let a= the Quantity of that Worth 32 Pnce the Pound, 


e= that of 20 Pence the Pound, And y = thar of 16 Pence 
the Pound ; 


| VIZ, each Quantity Multipli- 

hen 4 + e 1 ”= ed into its own Price, Equals 

ud 314 206 +1 XR 232 (O their Sum Maltiplied into the 
C Mean Price. 


Ge 2 Thie 


Bound them to all their proper or poſſible Anſwers in whole Nun 


by a, ought to be Leſi than 21, and Greater than 9!; 


* 
9 


—— e "Yai = «£9 2 FRAY unn . 2 
? N 4 X 1 | - | 6 - pro 7 9 
* kei Þ 3 BE. * E K . 
— $4 - 
* nated, 2 5 * k 


F 


This Queſtion being thus ated, it appears by Nute l. 
Page 176. that it is capable of Innumerable Anſwers ; becaul 
for any one of theſe Three Letters 4. e. y. there may be 
taken any Number at Pleaſure, provided it be Leſs than $, 
Bur altho that may be truly done, yer there are ſeveral way 
of Arguing about theſe fort of Queſtions, which will Limit 


£ 
2 
4 
0 
» 


bers. Thus, 
Let: 
And 


HAT L132 56 As above 
2324 + 20e + 169 =1232 1 
e+y=56—a _ 
20e ＋ 16) = 1232 — 324 
16e + 169 = 896 — 164 

4e = 336 — 164 | | 

e= $1 =—44 Hence. #. cf F=y 
|. = 24 — 3J- Renee # 7. = 


co Own + w 


5 

J 
1 
From the Two Laſt Steps it appears, that the Quantity ſipnifiel 


That is, any Number betwixt 95 and 21, may be taken tor 
the Value of a, Conſequently there may be Eleven Anſwers to thi 
Queſtion in Whole Numbers, | 

Suppoſe a= 10 Then e= 84 — 44 = 44 Per Ith Step 
And ) = 30 +28 =3 Per 8th Step. - 
Again, if 4a i Then e = 84 —44= 40 Per 71h Step, 
And = 33 — 28 —=5 Per $th Step. And ſo on for the 
R:/?, which will be as in the following Table. 

. Nm HL DM ERR, eee 
10 44 | 2 1 44 | 28 | 14 : 8-1-1320: 
| 11 | yo 5 15124 | 17 74-19-] $ 19 
112136. 8 | 16 20 | 20 { } 20 *] 32 
2218.11 11.1716 2617-73: 


Thus it will be eafie to find ont and Collect all the Limited 
Anſwers to any Nueſtien (of this kind) wherein there are only 
Tue: Quantitics proposd to be Mixd: But when there ae 
More than Thee, then the Work requires a little more Tou. 
ble; becauſe the ſing'e Limits of all the Quantities above Tm, 

uſt be found. IJ hat is, if there are Four Quantities con- 
cern'd in the Queſtion, the Limits of Two of them muſt be 
found; If Five Quantities are concern'd, then the ww” of 
V D 6 ˙·˙ wands Bo 3 


ES 


0 — 
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Three of them muſt be found, Se. As in the following 
Queſtion. Wy $848 OE - : 61 2 * | | 
Nueſtton 34. Suppoſe it were xequired to mix Four Sorts of Wine: 
ether; Viz. one Sort worth 75. 4d. the Gallan; another Fart 
worth 45. 7d. the Gallon ; a third Sort worth 31. 84. the Gallun; 
and a fourth Sort worth 2.5, 9d, the Gallon ; How much of each 
Sort may be taken to make a Mixture of 63 Gallons, ſo as that the 
whole Quantity may be Sold for 5 s. the Gallon ; without Loſs, &c. 


Firſt let all theſe ſeveral Rates, and the Mean Rate, be 
Reduced ro one Denomination, viz. into Pence, 

(79s 44 = 88d... at. Fd ="$9541. 5 Wb, oP 
Vis 13. 8d = 44d, 21.2 $4-= 34 F And 5 64= 66d 

Then pur 4 = the Quantity of that Worth 88d. the Gallen ; 


S that of '5 5d. the Gallon ; y= that of 44 d. the Gallon ; and 
y =thar of 33d. the Gallon, | 


> > &o> 5 


a> — — 
* — 4 — 


J Then 11a Fe Tuc 63 By the Queſtion. 
| And | 2|88a + 55e + 445 ＋ 33u = 4158 =63 466 
„„ = 63 — 4 SO 
WM 2—$5 4/57 40 ＋ 338 = 4158 — $84 
3 * 31 ee 334 
, 4 — 5 | 6]22e + lly = 2079 — $54 
6 11 7] 20-þy=189 — 3 Hence 4 e =/; 
3 X55 855 + 599 + $5u= 3465 — 554 
8 — 4 | 9|11)-F 224 = 334 — 693 
9 > 11 [to] T2 = 34 — 63 Hence a 7 F =21 


From the qth and 1oth Steps it appears, that the Quantity 
of hat Sort of Vine denoted by a, muſt be Leſs than 37? 
Gallons, and Greater than 21 Gallons : That is, it may be a = 
any Number of Gallons berwixt 11 and 375. Whence it fol- 
lows, that there may be Collected 16 Arſwers to this Queſtion 
from the Limits of 4 only. 1 | 

Next to find the Limits of e, , and u. 


Suppoſe [zt[a=22 Then will 52 2 110. And 34 = 66 
But |12]2e == 189 — 54 79 Per 7th Step. 
12 — 2e [135 2 79 — 12e Hence ef \* = 392 
Again 14 le E + u =63 — a= 41 Per Third Step. 
14 — e is = 4 — e 
5-16 licſu=e—38 Hence 7 38 


From 


210 


i —_— "I r ONE OE TT des De. Toh A EAR. 
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Then 


Fu fs | 

n | 
18 — 26e 
Again 


20 — e 


From the 13th and 16th Steps ir appears, thar if a= 
t = 39. J=79 —2C=1I » And « =e— 28 = 


19 
18 
19 
20 
21 


21— 19 


From the 19th and 22d Steps it a 
Then e may be either 35 or 36. 


Once more for a further Illuſtration, 


4 = 23 Then $4=115. A 


Again. BL WET 004 
nd 34 =< 
2e - = 189 — 54=74. Per th Step, 
J=74 — 2e Hence L 237 
e +y+u=63 — 4=40 , Per'3d Step; 
»y Fu=4o —e 


22 


4—e— 34. Hence e 7 34. 
ppears, that if 4 =1p 


Let 232 224 Then 54= 120. And 3a=11 
Bur 242 jy = 189 — 54 = 69, Per 7th Step, 
24 — 2e [25 y=69— 2e, Hence Z. *2= 347 
Again 26 e ＋ . +u=63—a= 39 Per 3d Step. 
26 — e 27145 u 239 — e | 
27 —25 128 u 2 e 30 Hence e 7 30. 


From hence it appears, that if 2 = 24, Then e may be 
either 31 32 33. Or 34. bi. it may be any Number 
betwixt 30 and 341 by the 25th, and 28th Steps, from 
whence the Values of y and u may be eaſily found. 


, Aa w=r.* 
That pe = 33. 2222 * 2 
Le = 34. I. u = 4 


7 83 
Proceeding on in this manner with all the other ſingle Values 
of a, there may be found above 120 Anſwers to this Queſtion 
in whole Numbers : And if you pleaſe to put a = Fractions, 
there may be found an Innumerable Ser of Anſwers ; whereas the 
Rule of Allegation in Vulgar Arithmetich affords but only one 
Anſwer in Fraftions; to wit, that of a = 315, e lc. 
J= 103. u=10z,, As may be eaſily try d, per Rule Page 

115, &c. | | 8 
Thele Two Examples being well underſtood (eſpecialh if 
the Laft be thorowly pur ſu d) may ſuffice to ſhew the Mee had 
of Limiting the Anſwers to all Sorts of Queſtions of this kind. 
] fliall therefore conclude this Chapter of Queſtions, with gi- 
ving a Solution to the Enigma (or Riddle) Propoſed (bur 
nos 


. 
_—— 1 r 


i. 


Chap, 9. Of Numerical Queſtions. 23x 
* Anſwered) by Mr. John Kerſey, in the Cloſe of the Appendix 
F which affords ſeveral pretty Hie, ue 
Flution whereof will diſcover a certain Sentence conſiſting of 
Iree Words, which muſt be found by rhe Help of Figures pla- 
oed (or ſuppoſed to be placed) over the Twenty Four Letters of 
the Alphabet. | gas, Fe 
EST 443+ 4. 3.65; 75. & Old teller + 
ThusY | .b,c.d.e.f.g . &c. to the Laſt Lexrer, 
do that if the Index of any Letter be once found, the Letter to 
which it belongs, is Conſequently known. e 
. The nigma. 
1. If che Difference between the Indices of the Second Letter 
of the Second Word; and the Third Letter of the Firſt Nord, be 
Multiplied into the Difference of their Squares, the Product will 
be 576. And if their Sum be Multiplied into the Sum of their 
Squares, that Product will be 2336, the Index of the ſaid Third 
Letter being the Greateſt. | WA. 
a = The Greater Index, or that of the zd Letter. 


Let | 1 
And 2 ſe = The Leſſer, or that of the Second Letter. 
21. —e N 44 — ee me N 2 
Then q | 4 a+ ex aa + re= 2336 By the Queſtion. 
"Ro | 5 lang — age — ace 2 2 376 
4 X | sſlaaa ＋ ade + ace ＋ e2e = 2336 
6 — 317 244e | 2aee 21760 
6 + 7 | 8]aaa + zaae . Zaee ＋ ere =4996 
8 w 3 | 9 a+ e=34/'4096 = 16 
PW | 236 | 
42 Fe 1044 ＋ ee as = 1. 146 2 
9 & 2 144 T 246 ee =256 
11— 10 12 2e = 110 
lo—12 1343 — 24e + ee = 36 


13 w2 [igjaa—e=s/36=6 RAC 
9g + 14 1522 22 From hence it appears, that the 2d 
C 8 Letter of the 1ſt Word isl, and 


9 — 16 lle 5 Crthe 2d Letter of the 2d Mord is e. 


Note, In order to ſet doton the Leiters (as they become found) in 
their proper place, it may he convenient to ſupply the vacant places 
with Stars, = 0 | | 85 
Th Firſt Word Second Word Third Word, 

uy * / 3 * * n * *** 


4. Ths 


— 
Part ij 


1. Io Extreamt of For 
Numbers in Arithmetical Pregrefſon, the Leſſer Mean being th 
Index of the Firſt Letter of che Third Word; and theGreas 
Mean is the Index of the Fourth and Laſt Letter of the Firſt Nou 


Viz. 5. 7.9 + 11 are the Four Terms in Sith. Prog fn 


Whence it ier that & (whoſe Index is 7) is the Fir 
Letter of the Third Word; and that 5 (whoſe Index is q 
is the Fourth or Laſt Letter of the Firſt Word; which bein 
placed down, will ſand hu, l. wew un Cee, 


3. The Second Letter of the Third Word, is the ſame with 
the Third Letter of the Firſt Word; and the Fifth Letter of 
the Third Word, is the ſame with the Laſt Letter of the Fit 
Word. | F 

Whence the Letters will ſtand thus, 4% li. 4 C Claris 


4. The Sum of the _— of the Indices of the Firſt and 
Second Letters, of the Firſt Word is 520; And the Produf 
of the ſame Indices is leven Ninths of the Square of the Greatet 
Index, which is the Index of the ſaid firſt Letter. 

Let 4 = the Greater, and e = the Leſſer Index. 


Then 1144 +ee=520 
| 2% . 4 


N According to the Dad, 


8 = 24 
ee = 17144 
44 = 530 —7144 


> ©|> © a 


13044 == 42120 


| 


42120 __ 
aa 8 324 1 

| 4 —=a/ 324 = 18 Ir'sLetteris 5: 
o e = za = 14 It's Letter is . 


Hence the Letters will Rand thus, Soli. #0a+# Gerit 


8 2 0 N 
* O. J 
oe 
wo 
O 


2 
3 
4 
5 
6| 3144 —= 42120 — 4944 
7 
8 
9 
0 


Y 
© » 


5. The Difference between the two Laft Indices, is the Ind 
of the Firſt Leiter of the 2d Word; viz. 18 — 14 == 4 being 
the Index of the Letter D. SEL | 


Then the Letters will ſtand thus, Gli. Des. Clovis 
| 6. The 


ICE 5 


Chap. 9. 


. The Third and Laſt Letter of the Second Word, Alſo 
| the Third Letter of the Third Word, are the ſame with the 
"Wl Second Letter of the Firft Word. A 

iN Hence the Letters will ſtand thus, Soli Deo Glo i 


„. The Sum of the Indices of the Fourth Letter of the Third 
| Word, and the Sixth or Laſt Letter of the ſame Word, being 


I 4/ed-ro their ProduF, is 35. And the Difference of their 


*W Squares is 288. The Index of the Laſt Letter being the Leaſt, 


WW Pur 4 = the Greater, and e = the Leſſer Index, as before, 


ben % LEH NB the He 


And | 2{4a — ee = 288 


41 * ae + e=35—4 | 

Wt er DF, Tr. ie 

| | 

'M i6 2 | ——;IZE5 — 704 La þ 
* F 

. 1225 — 704 ＋ aa 

2 +-5 6144 = 288 + - aa 2a +1 
6x aa Kc, | 7 


1225 — 704 ＋ 44 
17+ | 84+ + 243 — 28844 — 5054 = 1513 


This Laſt Equation being Reſolved according to the Method 
| Phich ſhall be ſhewed in the next Chapter, it will be a = 17. 
| | 33 — 4 


I's Letter 7; And from the ath Step e EA = 1 the 


Index of the Letter as 


Then theſe Two u being placed according to tte Data 


bbove, are all that are required by the /Enigma to Cemoleat 


theſe Words, | = | | 
Soli Deo (Gloria. 


le 


5 


—— n * 
n — x 
> : 4 < 2 . 
* F 8 
— * - Wa 


— — _ - 
— — 
ee 
* - — 


es IS 

Der may 

— n hy 4 * 2 2 

Be 
* Kor Mr * 


| 1 * 2% + 4 2884 + 3764 + 288 


3 
Ws * &> 5 g Wh at — 
r 


gr ron one 4 


£ . <I> - - * 3 — —-v Dh Dna x — : 
a D — nn An I," 5 FER — 2 _—_— * — 
—_ 12 2m ENF OY -z SR. As —— 5 n "— athor wog g n 8 3 Y = 
n * — . — — — _ = = > =. gy 
— 822 22 » 2 a _ * * * 


5 


W 


K 


mw 
9 


— — — 2 


— 


n 


— 
— — — . f g . > * T - a Vue 2 
— ß EG — . A rt ey CP ct 
r r r How 


4 


"Fn 


— e — Er 
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C HAP. X. 57 


T he Solution ot f Adfected Equations in 1 Namben 


Beſore we proceed to the Solution of Adfected Aiquatio, 
it may not be amiſs to ſhew the Inveſtigation (or Invention) of 
thoſe Theorems or Rules for Extracting the Roots of Simple Power, 
made uſe of in Chapter 11. Part 1. 


I ſhall here make Choice of the fame Letters, to repreſem 


the Numbers, both given and ſought 3 3 as In my Compendium of 
Algebra. 
G, py. denote the given Abe 1 
„ of any Number taken as near the true Rev 4 
Vz. Let may be, whether it be Greater or Leſs. 
the —— Part of the Root ſought, by 
e=2 which is to be either Increaſed or Decreaſed, 


Then if v be any Number Leſs than the true Root, it will 
be r + e = the Root fought. 
gut if r be taken Greater than the true Roo it will they 
be 1 the Root ſought. 

And put 'D for the Dividend that is produced from G, 
after it is Leſſen d and Divided by r, &c, (into the Co- -eficient 
of Adfected Aquations ) according as the Nature of the Nor fe. 

uires. 
a Theſe Things being premiſed, we MF proceed to Rathng the 
Theorems. 


Section 1, 3 
be For the Square Root, Viz. aa — G. Quere 4. 
Let ir Feng 4 Fa 
i @ 2 e Aves RI 
2 — y 5 . ze ＋ ee=CG— rr Call it O, viz. D=6-n 
1 | D This ſhews the iſt Meth 
Then jb I +: We 54 Extratting the Squat 
1 Reot, Sekt. 5, Ch. 11. Part . 
— E 2 1 


Which gives this n 4 Ge ='s 
TF g 


The Arithmetical Operations of both theſe Theorems, yo 


have in | the Examples 6 S. tion 2. Page 126; To which! 
refet 


Cap: 10. _ "Of adfetted d Aquations. — 


refer the Learner, ſuppoſing him by this Time to underſtand 
them without any more Words than what i is there expreſt. | 


parry Cube Roo; biz. 44 = G. Quere 2. 


Let ier Suppoling r Leſs than the true Root: 
1 | C 3 12 rrr + zrre ＋ 3ree ＋ gee == aaa =Go | 

2 —-mr } 3 eee — rr 

3 ＋ zr 5 4 „445 == — D 

Le _ Rejefed or Caſt off, as being of ſmall Value : 
Theni it will be, re Fee = D, rag gives this following 


£ 


57 this II eorem or Rule, the 51 wi 4d Examples in Caſe 1, 
Pape 132. are l ; the which being compared with this 
Theorem, may be very eaſily underſtood. 


Agen, Suppoſe aaa = , (As befare) And let r be t⸗ ta · 
ken Greater than the true Root, 


n 3rre I zree = = &d av aborg. 
| 31 zrre — zree =r7r — G 

| rrr —G 
41re — ee —=D 
| 37 


Which gives this Theozem 4 


Then | 1]r—£=a eee being Re 
& 3 1 # being Rejedhs 
oÞ - 
5 


— @ 


— 2 


By this Theorem the Third Example in Caſe 2. Page 133, is 
perform'd. 


III. To Extratt the Biquadzate Root ; viz, 4 G. 8 4. 


3 Let rTerg4 Suppoſing r _ Leſs thay n uſt, b 
1 G 4 2177 Tarrre Torree ga =G Reje ing all £ Ee 
2 — 77 ame- Grree e ry of 6 abovg 
3 = rr TEN, Soo SOLES 
* * 4 web * 7 


. | Which gies a | Throzem = 


6 'D 


2r mY _ STIL 
. 1 By 


! ra Age 4. _— tO ! 
$ , = — Wan 


r "CT «£3. 

, - 27 3 

236 Algebis. 
* a renin ce. Fane nd — 


ww ow 44 wt WE. 


* . 


4 2 art l 


Oe" "FIT 


By this Theorem the Biquadrat Root of any Numoer may be 
Extratted. Bur as 1 have already ſaid; Page 1 34. thofe Ex, 
ions may be very well perform'd, by Two Extraftions of th 
Square Not. Vide Example Page 135. : FRO 10 

IV. To Extra the Sutſolid Root, viz. 4 =6G, Quere 4. 
If r be taken Leſs than juſt, then 1 e = a As befor, 


d e b. Which gives this Theorem J — =\ll 


233 Word, % 


533 | 
By this Theor. the Surſolid Root Examp. 1. Pag. 136. is Extrafied 
Bur if be taken Greater than juſt; Then 7 — e=a 1 
16 — 0 


Ard | = =D. Which gives this Thedꝛem 3 = , 
By this Laſt Theorem the Example in Page 137 is perform, 


I preſume it needleſs to purſue the Raiſing of theſe Theorem il 3 
for Extracting the Roots of Simple Powers, any further; he. 
cauſe the Method of doing it is General, how high ſoever they 

are; and therefore it may be eafily underſtood by what is 4. 
ready done. 0 | | 
| Section 2. 


Notwithſtanding I have already ſhewed the Solution of Qu 
dratick aquations Two ſeveral ways, viz. by Caſting off t 
Loweſt Term: And by Compleating the Squaze, vide Sed. : 
Page 195, &c. Yet it may not be amiſs ro ſhew, how thoſe 
AEquarions may be Reſolved into Numbers by this Univerla 
Method of Continued Series; wherein, if the Firſt r be 
taken Equal to the Firſt true Root or Single Side of the Reli 
vend; And every Single Value of e (as it becomes found) be 
ſtill Added to it, for a new r, Then thoſe Roots may be Ex 


t 
tracted without repeating a Second Operation, As before in . ( 
Single Powers. & | HOY t 

2950 1. Let aa2ba=6G. "Tis required to find the 74 y 
Ol 4. | * | | | | ( 
Pat Fir © A n 8 FS : 
1 @ 2 ar ee 
1 x 26 1 3lzbr ＋ 2be =3ba © 


2 + 3 | 4 {rr+2br + 2re + 2be Tee = 44 ＋T 2b4=6 : 
4 — 11 &c. 5 276 | 2be See = G — rr— 2br | 
3 


4 
— 


— 2 [6 ſre le ＋ Teen 3 6 — ur U þ 
a 
> 


Dl 
Which giyes this Theozem hoy = op" 8 


* CT» #® 


Wo 


Chap. 10. Ol A 


* 


— p — „ 


dkected Aquations. 237 
a $2 ” as — | 155 1 _ ; : | oo 
© Suppoſe b =.364 And G = 3860 ½86 % ___ 
1 — 6000 "Then 7 = 36500000 And © 2br = 436800 
But 36000000 Fi 4368000 = 40368000 7 38692865 = G 
A 


Therefore rhe Fi L 6000. Let r = 5000 Then 
iſt F=5000 1934643235 2 8 
þ = 364 — 14320 =zynpbr 
iſt 7 +b= 5364 3026432, =D (8 De 
777% AR: op dhe 
1 Diviſor 5764) 41523 e 
ad H. = 6164 * : 
5 nan 3 43592, (. . 
Ne thn 235235 867 = 
＋ 22 3,5 (o) 


3 Diviſor 6227, 


aye f = 167 = 3867 =a As was required. 


Caſe 2. If a4—2ba=G Then proceeding as above 


* 
* 


there will ariſe this Theozemy —— 6 5 Sg 0 &c. 
And in Caſe 3. | viz, 2ta A 44 = G you will have 
| D . | 
this Theozem 4 1 TIT &c. As above 


I think it needleſs to trouble the Reader with the Work of 
theſe Two Theorems in Numbers; becauſe if the laſt Example of 
Caſe 1. be underſtood, the other will be eaſie. Not but that 
the Method of Compleating the Square is very ready and eaſie, as 
you may obſerve by the Work in ſeveral Queſtions of this 


| Chapter, 


Section 3. 


In the Solution of all Adfected Æquations, that are above (or 
higher than) Quadraticks, it will be the beſt way to take r — 
the next neareſt Root of rhe Equation : And then it will be 
Tera if r be Leſs than juſt; Or yF —e=a if yr 
be Greater than juſt (as at the beginning of this Chapter) And 
all the Powers of the unknown Part of the Root (viz. e) 
aboye its Square (ee) are to be rejected or Caſt off ; As before 


n 


23 8 


and 141 
5 5 | Let 
1 & 3 
1 K Þ 
2 + 311 
5M N 11 | 1 * 8 5 
1 5 re, Ih. 
3 „* 6 ; 
e. e . = =— r b 


3r 3” 
= Me 


— e 


. 5 7 DE 
Which gives this Theozem a 4 = bs | 
Bur of r be taken Greater than juſt, Then ir will be 
1 ＋ z. eri —= =D Which produces 
1 88 
this Throzem 3, , £ 
r + 75 


— — e 
By either of theſe Two Theorems the Value of „ may be 
eaſily found. Or rather otherwiſe as in the following Example. 


Let 444 C244 2 58791 Here 14 
Suppoſe the Firſt r = 90 Fhen r3 — 729000 7 387914 
without the 24 x 95 being Added to it: Therefore r £ 90 
Again, Suppoſe r —80 Then r3.—512c05' And 24 r =1910 
Bur 5120000 ＋ 1920 = 519320 L 587914 Hence 7 70 
bur nearer to it than 90. Therefore 1 


— — — — 


it muſt be | 14x Peg 42 Leſs than juſt 

i © 3 | ?{rr + 3:70-þ 3ree = 448 3 
1 X 24 | g[24r ＋ 246 2 244 5 
2, in Num. 4 5120005192008 | 24088 —=444 
3, in Num. | 5| 1920 —+ 24c= 2444 

4 + 5 61 513920 —+-1922.40 Þ+ 240ee — 587914 
$—513920 | 51192240 + 240 = 73994 

7 = 240 |. 8) 2 308,31 29 

: 


"+: 1914 Oper tio 


— 


— 10. 01 — 229 


e 2 249% A F a as 


1 Diviſor 83,1) 359701 Firſt go. 
+e= 7 8,66 | + e = 37 


„ Diviſo 83,8) 735 n 
Or rather New 1 83,7 for a Second Operation, which 
| being involved and try d (as "abore) will be found Greater than 
juſt: Therefore 
# muſt be | xr —e=2 
2 rrr — grre | 3ree aaa 

4 | 31244 — 246 = 344 
al 586376,253 ; — 21017,070 + 251, lee = 444 
51 2008.8 — 24e = 244 (914 
6|588385,053 — 21041,07e+ 251,1ee — 
7|21041,07e — 251, lee = 471,053-.. 

7 = 251,1 | 8 e eee 


PE am 'S 
2. Operation 83,7955) 1,87595778 (,0223 - =0# | 
— e = ,O02 1,675510 | 5 
1. Diviſor 83,7735) 42004477 5 
— e 5002 51675470 


— — — — 


2. Div: 83,773 403290078 
— e ,0003 02513196 


— ns 


3. Die 83,7732) „00776882 


Having once found half the Places of Figures for the Value 
of e, it will be needleſs to form New Diviſors (as above ); for 


the Reſt of ih Figures may be as truly found by Fan, Pee 
only, Thus | 


The laſt Diviſor is 83,7732) ,007768820 ( ,0223=e\ 


1 8. | 
477 
. . 
15 ; 
MH 


7339588 40000927 4 Il 

Laſt r=83,7. 2292320 221 % ==6 Y = | 
„. nn ,,, . 1 
r— e $3,6776073 wm. 61E8560 . 85 bi | 
ö 5864124 CC. | "81 


But if more Exactneſs be required, you may make the 
$3,6776073 And I with it 0 a Third Ope- 
8 ration; 


2.40 ? "Algebra, AT Bang | ben U 
ration; 3 which will afford Twenty Seven Places at Figures fi for 
the Value of 2. That is, every Operation will produce Tyijj 
the Places of Figures to thoſe of the preredent r. And th 


Tripling the Places of Figures in the Root at every Operatinn, 
holds good, and is ro be obſerved in the Solution of all Adfeche 


1 Aquations ( how high ſaever they are) according to this Methol 


of Reſolving them. See Page 141. 
Example 2. Suppole aaa — ba = 6. Quere a. 


be 
If red Tben re — 4 -en 
a | 2 


8 — 


—55 YG! 


But E ＋ e 5.6 2b — 11 = 
3 


— — De 
44 "wy 


Or you may proceed ctherwil as in the Laſt Example 


Let aaa — 64384 = 14785 3688 Here b= 6433 
Suppoſe the Firſt r — 500. r = 1 25000000 and Zz loc 
Then 125000000 — 3219000 = 121781000 
Bur 12178 00 7 104785683 Therefore r /. 500 
Again, . r 400 rr — 64090000 . and br = 257520 
Then will 64000000 — 2575200 = 6142800 - 

* n C. 104785688 Hence 7 7 400 
Corey r is betwixt 4co ard 500, But 590 is the next 
neareſt ; herefore, Let r = 5co being Greater han ſuſt. 
Then iir 6 | 
1 @& 2 | 2|rrr— 3rre ＋ zree = aaa 
'1 xXx. b | 3|br be = ba 


1 


which gives W. Theoz em 


which * this enen 


2, in Num. : 125000000 — 75000ce + 1500ce = 444 
3, in Num. | 5] 319000 — 6438e — 64384 (5633 

4 — 5 6121781000 — 743562e + i500 = 10478 
6. 77435626 — lyouge = 16995312 

7 = 1599 8!455e —ee = 11330 = D : 

D 5 
8 + | 2 . 
Y I 495 —8 


0 p:ratian 


* 
* 


If 


kd A ._>, — — tw C5) 


„% ccc 


tions. 


hap. 10. Of adfeited Aqua 


for i Operation 495) 11330 (23,8 =e 

pl —e= 20 950 

hi 3 8Þ | f 5 _ . | | 

„. Diviſr 475) 1830 _ Firſt y =500. 

10 PF ee e 1416 — e = 23,8 

01 BY 2, Diviſor 472) 414,0 7 — 2 476, = 4 


Is - 3776 | | 
Let New r=476 for a 2d Operation, Then * = 109850176 
and br = 3064488 Bur 167850176 — 3064488 =104785688 
the ſame with the Reſolvend, Conſequently a — 476 juſt. 
Example 3. Let ba — 444 = G. Quere a- 
1 1 


| be IG | 
If Tea Then — — e — Of = + rr 23 D 


D 
333 A — De 
D which gives this Theoꝛem e 
5 ST Lh _ 
But if /— e . Then re — 7 — ee = LY ir — b =D 
i” Y D 


1— — 


which gives this Theazem) #2 


De 
— — — e 
Or otherwiſe as before in the Two Laſt Examples, Thus 
Let 1234564 — 444 — 122723861, Here b = 123456. 
» WY Suppoſe the Firſt == 200 Then rrr = 8000000 . and 
' = 24691200 , then 24691200 — 80000 = 16691200 
but 16691200 7 12272861. therefore + is here Leſs than 
J, becauſe the higheſt Power is — or Negative. 
Again, Suppoſe r —300 then r3=27000000 and br — 3790368300 
Then 37036800 — 27000000 = 10036800 /. 12772861 
Conſequently r 2 300 and r 7 2co. | 
Let r= 300. being the next neareſt, but more than juſt. 
Then I} —2= 8 | 
I @& 3 | 2jrrr —3rre ＋ gree aa 
vin Numb. 44270 000 2700 ＋ gooee 


n Numb. 5137036800 — 1234365 
3 — 4 [610036800 + 146544 — ee — 11272861 
6 — Th 7 146 544 — dodoee — 23 36061 6 
7 9 | g [1620 — ee 2484 = D 
'f ' = & e 8 | : 
7 Ii Operas 


242 2 Algebꝛa. Oy Part | 
Operation, 162) 2484 (16, Se : 
—C = 10 152 MRS | 

1. Diviſr 152) 964 | Firſt 7 = 3006s 6 
„ 7&--. 896 Le 1646 

2. Diviſor 146) 88, o | r —8= 2834 = 1 

| 87,6 | | 


Or New r = 283 which being Involved, Sec. will appex 
to be the true Rot. That is, a 183 juſt. 

| Note, Theſe are uſually called the Three Forms of Cubic 
Equations; and in the Solution of the Third or Laſt Fm, 
Viz, ba — aaa —=G, you may meet with ſome ſeeming 
Difficulties ; eſpecially in making Choice of the Firſt r becaut 
this Equation is an Ambiguous Æquation, and hath Two 4 
firmative Roots, viz. a Greater and Leſſer Root. But having 
once found either of them, the other may be eaſily obtained by 
' Diviſion only; as in the Quadratick Æquations. Vide Chapters, 


As for inſtance, in the Laſt-Example 4 —=283 
And 123456a = aaa = 12272861. Make theſe Twi: 
Equatioms S o. To wit, Let a— 283 =o0, | 
And — aaa ＋ 1234564 — 12272861 =o 1 
Then, a — 283) — aaa + 1234564 — 12272861 (—aa M7 
%% Et 


— 283aa + 1234564 (—2834 
— 28344 + 8oo894 | 


Am 


—+ 433674 — 12272861 (+ 4337 


W. 

| 433674 — 12272861 D, 

00). 00) : 
Hence it appears, that — aa — 283a Þ+ 43367 =0 / 


Conſequently aa + 2834 = 43367 this Equation beit 
Solved, a = 110,2722 &c. which is the Leſſer. Root of it 
aforeſaid Mqnation ba — aaa —G & . 


After this manner all the poſſible, and impoſſible Roots ot ut) 


Equation may be eaſily diſcovered, any one of its Roots bei 
once found, I thall therefore omit inſerting more Example 


that kind. 
Suppoſe aaa ＋ baa F ca . Quere a: 
Let b = 74, = 8729. and 6 2 560783 . 


By Trial (as before) it will be found that the next neartþ 
'7 = 40 being ſomething Leſs than juſt —_— 
| Thercloril - 


Therefore | Ir erg 4 


| 2 ler a 
9 5 * , 3 ot 2bre I bee —=baa 
& 3 | 4 rrr + 3rre + zee = aaa 
in Numb. | 534916 + 89290 . 
in Numb. | 6| 138400 592ce + 74ee „ 
in Numb. | 7 64990 4800e 1 toes 
L6+7 | 8 531560 + 19449e 1947 e = 3 
6315609119449 + ls 5g —_ SYS. 
. 194 119] 100,20 + ee = 153,06= D 
* < D — | 


1 — 


— 
* „ — —— „ ˖ > TT” 
5 


hy ration. 100,2 I 156 (1,5 == e 


ien Firſt r= 40 
. I, Diviſor 101,2) 31,86 155 Fe = 5 

＋e | 55 50,85 8 e — 45 — 4 
uz. Diver 101% 1, | 


Or New r —41,5 fog a Second Operation, which being duly 
Involved, &c. will be found more than juſt. 
Therefore 1 [” —e=a 


cer — ce =ca 
- Then 
rr — grre + zree = aaa 


brr — 2bre T bee = baa_ 
Theſe 3 turn d into Numbers, &c. As above, they 
ein be 20037, Je — 198, 5ee = 390,375 which being 
Divided by 198,5 the Co-efficients of ec will become 
100,94. 6e — ee = 1,966624 & c. = D. | 
Operation. 100,946 1,966524 (ol e 
— % 100936 | 


I, Diviſor 100,936) 957264 
— e — 5009 908343 


2. « Divifor 100 927) * 489210 (6οẽõ8847 
* Here I proceed by 403708 | 3 
plain Diviſi on, without 8 | 101943847 Se 
emi 55020 
8 New Diviſors 807416 
laſt 7 — 41,5 476040 
3 0194847 403708 
— — — —ͤä 
e=41,4895153= 723320 Kc, 


112 N Lex 
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Let the Lait Equation in the Enigma, Chap. 9. be here py 
poſed for a Solution. 55 


Viz, aaaa + baaa —caa — da 6G 
b — 2, c=288 . d= 5d, and G=1513 Quere « 


By Tryals it will be found, that the next neareſt r= y 
being ſomething more than juſt, | | 


Therefore | 1]r —e = a 
x1. NM ůœB 1 3,0. — 4 = 0. 
1 6-2:xc | 3|or — 2ce ＋ cee = cad 
IS 32x5-| 4 berr — 3brre + zbree = baaa 


1 © 4 | 511f Are ＋ 6 rree=aaaa 


. 4 ot Q% =, Ow 


Theſe being turned into Numbers, and thoſe duly Collect, 


according as the Signs of the Æquation direct, they will become 
50680 — 22374e + 2242ce = 1513; Which being al 
Divided by 2232 the Co-efficieut of ee, will become 
tee = =2:2= D..- RY 
| 7 + 
Then 1 = e 
rio — e 


Operation, 10) 22 (3 e 
| % 


Diviſor 7. 1 
Firſt 1 =20 


en $ == 


ry — e=17=4 juſt, See the End of Chap.) 


f 
— — 


By what hath been already done, about the Solution of thel 
few Aquations (being careful) obſerved,) 1 preſume the Lenne 
will eafily Conceive how to proceed in the Solution of all kind 
of Æquat ions, be they never ſo High or Adfeed ; therefore | 
ſhall not here propole many various Examples, but only tak 

them as they fall in Courſe when I come to the next Part, where: 
in you will (perhaps) find ſuch Equations with their Solution 
25 are not common. 
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„ 
Of Simple Intereſt, and Annuities or Penſions, &c. 


' Intereſt or the Uſe paid for the Loan of Money, is either 


Simple ; Or Compound. 5 
Section 1. Of Simple Intereſt. 
Simple Intereſt, is that which is paid for the Loan of any Prin- 
eipal or Sum of Money, Lent out for ſome Time, at any Rate per 
cent. agreed on between the Borrower and the Lender; which, 


according to the Laws of England, ought ro be but Six Pounds 
for the Uſe of 100./. for one Year, and Twelve Pounds for the 


| Uſe of 100 l. for Two Years, And ſo on for a Greater or Leſ- 


ſer dum, proportionable to the Time propoſed. 

There are ſeveral ways of Computing (or Anſwering Queſtions 
about) Simple Intereſt 5 as by the Single and Double Rule of 
Three (See Page 96, &c.) others make uſe of Tabtes Compoſed ar 


| ſeveral Rates per Cent. As Sir Samuel Morland in his Doctrine 


of Intereſt, both Simple and Compound, is all. perform'd by 


Tables ; wherein he hath detected ſeveral material Errors com- 


mitted by Doctor Newton, Mr, Kerſey upon Wingate, and Mr. Cla- 
vi, &c. inthe Buſineſs of Computing Intereſt, &c. by their Ta- 
bles, too tedious to be here repeated. | 
Bur I ſhall in this Trac rake other Methods, and ſhew that 
all Computations relating to Simple Intereſt, are grounded upon 
Arithmetick Progreſſion; and from thence Raiſe ſuch General 
Theorems, as will ſuir with all Caſes. In order to that | 


P — Any Principal or Sum put to Intereſt. 


Let R — The Ratio of the Rate, per Cent. per Annum. 


: = The Time of the Principal's Continuance at Intereſt, 

A = The Amount of the Pricipal, and its Intereſt. 

Note, the Ratio of the Rate, is only the Simple Intereſt of 1 J. 
for one Tear, at any given Rate; and it's thus found. 


Viz, 100: 6 2: 1: 0,06 = the Ratio ar 6 per Cent. per An. 


Or 100: 7 :: 1: 0,07 = the Ratio at Seven per Cent. &c. 
Again 100: 7,5 :: 1: 0,075 the Ratio at 7 and per Cent. 


And if the given Time be whole Tears; then : the 
Number of thoſe Tears : But if the Time given, be either pure 
Parts of a Year, or Parts of a Tear mix d with Tears; thoſe 
Parts muſt be turn'd into Decimals; and then #2 = thoſe 
Decimals, &c, Now the Common Parts of a Tear may be 

BY | eaſily 


— — 


2.46 


eaſily turn d or converted into Decimal Parts, if it be confidere 
| Day is the —, Part of a Tear = 0,00274 fere 


That o. Month is the £; Part of a Tear = 0.0833333 Cc, 


Quarter is the ; Part of a Tear = 0,25 


Theſe things being premiſed, we may proceed to Raiſin the 


| Theorems. „ 
Let R = the Intereſt of 1 J. for one Tear. As before, 
Then 2R = the Intereſt of 1 J. for two Tears. 
And 3R= the Intereſt of 1 J. for three Nears, : 
AR the Intereſt of 1]. for four Years. And ſo on 
for any Number of Years propoſed, = wo 
Hence ir is plain, that the Simple Intereſt of one Pound; is 4 
Series of Terms in Arithmetick Progreſſion Increaſing ; whoſe 
firſt Term and Common Difference is R. And the Number of 
all the Terms is t. Therefore the Laſt Term will always 
be R = the Intereſt of 17. for any given Time fignified by +, 
Then J, one Pound: Is to the Intereſt of 11 :: So is an 
Principal or given Sum: To its Intereſl, 
Thar is, 1/ : R:: P: RP = the Intereſt of P. Then 
the Principal being Added to its Intereſt, their Sum will be=4 
the Amount required : Which gives this General Theorem, 


8 Theozem RP ＋ PA 
From whence the Three following Theorems are eaſily deduced, 


| 1 4 e 
Theozem A NE P. Theozem 3. 1 


M — 
Theozem 4. q Re 4 


Theſe Four Theorems Reſolve all Queſtions About Simple Intereſt. 


Queſtion 1. oat will 256!. los. Amount to in 3 Years, 
one Quarter, 2 Months, and 18 Days, at 6 per Cent. per Annum. 


Here is given P 256, . R = 0,06. And t = 3:;46599 
For 3 Years = 3, | Quere A. Per Theorem 1, 
one Quarter —©,zx 
2 Months = o,16667 = 0,08333 x 2 
18 Days = 004932 = 0,00274X 18 


Hence et = 3,46599: X0,06 = 0,2079994=tR 
Then , 207 5% X 256,5 = 53.341586 f Rb 
And 53.341586 ＋E 256,5 = 309,841586 =tRÞP +P=4 

Thar is, 309,8 41586 = 3ogl , 16s , 104 , being the Anſwer 


required, | 
: Que lion 


— 
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Queſtton 2. hat Principal or Sum being put to Intereſt, 
pill Raiſe a Stock, of 3991 . 16s. 104, in 3 Years, one 
Quarter, Two Months and 18 Days; at 6 per Cent. per 
6 | 7 | f 

una Or the ſame Queſtion otherwiſe ſtated thus. 
What is 3091 . 16s . lod . due 3 Tears, one Quarter, 2 Months 
and 18 Days hence, worth in ready Money; Abating or Diſcounting 
6 per Cent, & c. 3 | 

Here is given A =309,841586 R==0,06 f, 46599 
(fond as before) Thence to find P. Per Theorem 2. 

Firſt 3,465 99 X 0,06 =0,2079594 R 

Then R + 1 1,20) 9594) 309,841586 = A (256, 5 2 

That is, 256,5 2561. 10s, the Anſwer required, 


Queſtion 3. At what Rate of Intereſt, per Cent. &c. will 2561, 
10% Amount to 3091. 16s , lod . In 3 Tearr, one Quarter, 
2 Months and 18 Days. 15 > 

Here is given, P=256,5 4 = 309,841596 and t = 3.46599 
TolindR. - er Theorems 3. 


Firſt 309,841586 — 256,5 —=53,341586 = A — P 

Next 346599 * 256,5 = 88 9,0264335 = R 

And tR = $889,026435 ) $53,341586 (0.06 = the Ratio. 
Then 11 : 60,06 :: 100: 6 the Rute required. 


Queſtion 4. In what Time will 2561 . 10s . Raiſe a Stock 
of lor Amount to) Zogl , 16s . lod . at 6 per Cent. &c, _ 
| Here is given, P 256,5 A= 309,841586 and R= 0,06 


To find r. Per Theorem 4. | 

Firſt 309,841585 —256,5 =53,341586 =4 — Þ 

And 256,5 X 0,06 = 15.39 = PR 5 

Then 15,39) 53.341586 (3, 46599 =t * 
That is : 3 Years and 46599 D-cimal Parts of a Tear ; 


' Which may be brought into Common Parts of a Tear, thus 


0,46599 And 0,943 333) | 0,21599 ( 2 Months, 
— 0,25 == one Quartes | ,16666 
„21599 o, 2074) , 4933 (18 Days, 


ence r 3 Tears, one Quarter, 2 Months, and 18 Days; 
the Anſwer required, 


It muſt needs be eafie ro Conceive, that what is here done 
at 6 per Cent. may be done at any other Rate of Intereſt, by 
forming the Ratio, viz. R. accordingly. 


„ Schollam, 


. - Altho' ir be according to the Laws and Cuſtom of Engl, U 
to Compute Intereſt at the Proportion of 6 per Cent. (as a 0 | 
er he that takes. up Money ar Intereſt for any Time Leſs thy 
* or Compleat Years, pays more Intereſt than ſeems rea, Wl... 
nably Due, according to the Rules of Arr. L 
As for Inſtance ; If 10c/. be forborn ar Intereſt one Wbd 3 
| Year, it amounts to 106. But (1 lay) if it be paid a tl, 
t 


Part 1 


i 


Half Year's End, it ſhould not amount to 103 J. As appem 
ſrom this following Proportion. 

Let = the Amount due at the Half Year's End; Then 
it will be 100: 4 :: 4 : 106 the Amount at the Vear s ENd n 
Ergo aa = 10600 And à —,/10600==102,9563=101, 197. 1 
which is Leſs than 103 J. by 10:4, And if it be paid in LH 
than Half a Year's Time, the Error muſt needs be the Greater. I 


Section 2. Of Annuities or Penſions in Area; 
Computed at Simple Intereſt. . 


Annuities or Penſions, &. are ſaid to be in Arrears, when they 
are payable or Due, either 7early or Half-yearly, &c. and are [ 
Unpaid for any Number of Payments. Therefore the Buſineſs iz 
to compute. what all thoſe Payments will Amount unto, allow. 
ing any Rate of Simple Intereſt for their Forbearance, from the 
-_ each particular Payment became due: Now in order to 

t, c 3 

u the Annuity, Penſion, or Nearly Rent, &c. 
Put 5 


t = the Time of its Continuance, or being Unpaid. 
R — the Ratio, or Intereſt of 1. for 1 Jear, As before, 
4A = the Amount of the Annuity and its Intereſt, 


Then if u = the Firſt Tears Rent, due without Intereft, . 


Ang he ken, I Dae ar the End of the Sceond Ter 


* 


And 2 ” "<p jp Due at the End of the Third Tear. 


3K = the Pte NDue at the End of the Fourth Tear. 


44 = the Rent 
4Ru = the Intereſt | NI 
„ the Rents ¶ Due at the End of the Fifth Tear. | 


And ſo on for any Number of Years, Hence it's Evident; thit 
R. + 2K + 388 +qRu + 54 = 4 the Sum of all the 
Rents and their Intereſt, being forborn 5 Years, From whenc 

1 25 ae e K 


4 - 9 N. 1 2522 nr WE „ 9 
: VOPR * 


8 
[WP 4 dt 4. 


i follows, that Ru + 2 + 3R8 + AN A — th. | 


nere : = 3. Divide by u, Then RTINTN TA TC 
: Next to find the Sum of this Progreſſion (See Page 185.) Thus 


te hfak 438+ 4R&c=7, Then c+2þ3+ 48627 
nere the Sum of the Firſt and Laſt Terms are 4 +1 =5=e 
And the Number of all the Terms is 4 =# — 1. Therefore 


Nt —1 FOIA 3 „ ie” 

17 x t the Sum of all the Terms, That is, — — N 
l r WO 0 7 
Hence AR Conſequently — — 
: Now from this guation it will be eaſie to deduce the following 


Theorems; | : | 
Theozem 42 e Org — =x R: ＋ tu A 


2 
24— 2 


| 8-27 ei 72 
Then 3 -N F . Chee 3-4 -N: 


e | 433 e | 11 We 24 Xx —_ N 
i Let * 1. Thee —= N t Ft, — +.x > Theozem 4. 
„ Queſtion 1. 7 256 J. 7earl Rent (er Penſim, Sc) be for- 
on 7 unpaid Seven Tears ; What will it amount to in that Time, 


« per Cent. for each Payment as it becomes due? 


Here is given u==250 . =. And Ns, o6 To find 4. Per 
Th. 1. Firſt 250X757 = 1950 =tu , 1750 X 7 = 12250 == 2ti 
Again 12350—1950=10560=ttu—tu, And 22522 x 0,06==3 15 
Lattly 315-j-1750=206 5 A. Viz. 206 5. is the Anſw. requir d. 
But if the Annuity, Rent or Penſion, is to be paid by Quarterly 
dr Half Yearly Payments, &c. | Ts 
Then 224 —0,03z=R for Half Yearly Payments. 
And 4 — , 013 R for Quarterly; Or 0,045 = R for 
Three Quarterly Payments. Example of Half Vearly Payments. 
| Suppoſe 250 1. per Annum, to be paid by Half Tearly Payments, 
were in Arrears or unpaid for Seven Yrs: What would it A mount 


7 neg, 6 per Cent, per Annum for each Payment as it be- 
tame Due. | 


In this Example there is given u = 125 =} t= 14 the 
uber of Payments ; And R= ©,0 FN Thence to find 4. 
lt 125 x 14 = 1750 =tu ,1750 X 14 = 24500 = tu, 
ain 24500 — 1750 227 59 = ftu—tu. Then* r L =I $72 


ak 
ie 


2 — pA” TY 


| 250 


3 Algebzi, bart 11 
And ene 25 Laſtly 341,25+1750=2091,5 
That is, A = 20911 . 5s . the Anſwer required. $ 
N. B. Hence it may be Obſerved, that Half Yearly Payments, 
are more r than Yearly : 
For 20911 . gs 7 2065! by 261. 5s. Conſequenty, Mi 
Quarterly Payments are * n cha Half Mr 
Yearly Payments. 5 a 0 
x 
d 


Qneſtion 1. What Tenly Rent, Penſion, Sec. being foe 
cr unpaid Seven Tears, will Raiſe a Stock of 20651, allowing 6 Fe 
Cenr. per Annum for each Payment as it becomes due ? 


- Mews giren A=2065 . t=7 And R= 0,06, To find u 


Per Theorem 2. © y 
Firſt 9% 0,06 = 0,42 = = #R. and 0,42 X 7 2,94 iR. 

I ben teR —tR= 2, 52 Y 
Laſtly #R—R 27 = 16,52) 4130 =2A 8 6 
That is, 250/ fer Annum, &c. will Raiſe 2065 J. the Seal 
required. 


Queſtion 3. Þ what Time wil 2501. Tearly Rent, Raiſe « 
Stock of 20651. Allowing 6 per Cent. Sc. for the Forbearance of il n 
the Payments, as they become Due? 

Here is given uy = 250. 4=$065. And R= 0,06 To find ti 
Per Theorem 4. Firſt 


| | 
K, 3333 And 33,3333—1=32,3333 =x = 1 l a 
Then 16,1666“ &c. = Xx. 261,3605 &c. =;xx« T 
Again 247 be. 333 24 = Ku And 275.3333 426,360 y 
= 536,6938 = * xx Then * 536,938 =23,1666 if . 
Laſtly 23,1666 — 16,1666 = 7 =#e the Time requited. * 

Queſtion 4. If 250 J. Tearly Rent, being forborn Seven T F 


will Amount to 2065 |. allowing Simple Intereſt for every Payment a 
it becomes due; What muſt the Rate of Intereſt bo per Cent, &. ©, 


Here is given —=250 . A = 2065. And : = 7. To find i. 
Per Theorem 3. EE 


tty = 12250 , 413o=24 T 

Thus — {UH — 170 3500 at 
ttu — tu = 10500) 630 = 24 — 260 (o, os =R | 
Then 1: 0,06 :: 100: 6 the Rate required. (y 
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geln 3. The Peelent Worth of Annuities or Pen- 
ions, &c. Computed at Simple Intereſt. 


The Buſineſs of Purchaſing Annuities, or taking of Leaſes, &c, 
for any aſſigned Time, depends upon the True Æquating of the 
Principal or Money laid out on the Purchaſe, with the Annuity 
or Yearly Rent, by allowing (or Diſcompting) the ſame Rate 
of Intereſt to both Partiet. Which may be eaſily perform'd by 
duly applying the reſpective Theorems of the Two Lat Sections 
together, As will fully appear by the following Queſtion, 


Quefffon 1. 7/hat is 7 5 1. Nearly Rent, to continue Nine Years 
yrth in ready Money, ar 6 per Cent. per Annum Simple Inte- 
rſt 2 | 1 
1. Per Theorem 1. of the Laſt Section, find what the propoſed 
Yearly Rent would Amount to, if it were forborn 9 Yeats at 
6 per Cent. e 535 
Thus = 7 S And R= gos, Quete 4. 
tiu = 6075 Then 2) 540co Raney, "0,8 ol 
tu = 675 is KR; == 0:06 -- I Multiply 


— — 


n — ty = 5400 162, 


= 6757 


2. Then by Theorem 2, Section 1. find what Principal, being 


ut to Intereſt for the ſame Time, and at the ſame Rate, will 
Amount to 837 l. 4. | 


Thus !R=0,;54=9Xx0,06 . tR+1=1,54) 837 ($43,5054<P 


That is, P = 543! . tos . 15d, Which is the Worth of 751. a 
Year, as was required, | | 

From the Work of theſe Two Operations, (duly Conſider d) 
it muſt needs be E fie ro Conceive, how the Two Theorems by 
which they were perform d, may be Combined into One. 


For . N 8 : And 2. PRE PA. 
Conſequently PR + #= — . And from this 
Equation, may be deduced rhe following Theorems, 

| ttRu—tRuſ-1tu __ 5 tR—tR Tze 1 
Theozem 1. J 1 =. Or, . 11 


By this Theorem all Queſtions of the ſame kind with the Laſt 


(viz, that above) may be cafily and read:ly Anſwered at one 
Operation, | 


K k 2 Theo⸗ 


—$37 =4 
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Theozem 2.4 7 F Da u. on 1 4 27 4 
Theoꝛem 3 EE rk 
Let 15 —7 — 1 x. Then will tt + xt = h : 


2 11 
— 


Which gives this Theozem 4. 3 7 . - + 2 . 


By the Second and Fourth Theorems, Two very Uſeful Queſting 
may be eaſily Anſqer d. | 
1. As for Inſtance : If it be required to find what Annuity, » 

yearly Rent & c. may be purchaſed, for any propoſed Sum, to contin 
any aſſigned Time, allowing any Rate of Intereſt. 

This Queſtion may be Anſwered by Theorem 2. 

2, Again: If it be required to find how long any Yearly Ren! 
Penſion, or Annuity &c. may be purchaſed (or enjoyd) for ay 
propoſed Sum, at any given Rate of Intereſt. + 5 
All Queſtions of this kind are eaſily Anſwered per Theorem 
In theſe Queſtions it is ſuppoſed, that the Purchaſe or Yearly 
Rent, is to Commence or be immediately enter'd upon. But if 
it be required to find the Value or Purchaſe of any Annuity or 

Yearly Rent, Sc. in Reverſion; That is, when it is not to be 

Enter d upon until after ſome Time, or Number of Tears are pat. 
Then you muſt firſt find what the Sum propos d to be laid out 
in the Purchaſe, would Amount to, if it wete put to Intereſt, 
during the Time the Annuity, c. is not to be in preſent Poſlel- 
ſion; and make that Amount the Sum for the Purchaſe, pro- 
ceeding with it as in either of the Two Laſt Queſtions, c. 


Note, From the Firſt Queſtion of this Section it will be eaſie u 
Conceive how to perform the Aquating of Payments, between Debta 
and Creditor, at any Rate of Intereſt, without doing any Damage u 
either Party. vhs. | | 
That is, when ſeveral Sums of Money are to be paid, at le 
yeral different Times, To find the Time when all the Payments 
may be truly diſcharged at once: As if one Sum were to be paid 

at the end of 2 Months, another at 6 Months, and perhaps 2 
Third Sum at 8 Months End, Ge. And it were required to 
om the Time when all thoſe Sums may be truly diſcharged # 


ne Payment without Loſs, Ge: | 
TRICE Roa ONES e 
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CHAP. XI. 
Of Compound Intereſt, and Annuities, &c. 


Compound Intereſt is that which ariſes from any Principal and 
is Intereſt pur together, as the Intereſt ſtill becomes Due; fo 
that at every Payment, or at the Time when the Payments becamg 
Due, there is Created a New Principal; And for that Reaſon it's 
Called Intereſt upon Intereſt, or Compound Intereſt, 


As for Inſtance ; Suppoſe 1000 J. were Lent out for Two 
Years, at 6 per Cent. per Annum, Compound Intereſt : Then, 
at the End of the Firſt Year, it will only Amount ro 106 J. As 
in Simple Intereſt, But for the Second Year this 1061. becomes 
Principal, which will Amount to 112/ . 75s . 25d. at the Se- 
cond Year's End, whereas by Simple Intereſt it would have 
Amounred to bur 112 /, | 1 
And altho it be not lawful to Let out Money at Compound 
Intereſt; yet in Purchaſing of Annuities or Penſions, &c. And 
taking Leaſes in Reverſion, it is very uſual to allow Compound 
Intereſt ro the Purchaſer for his ready Money; and therefore ir 
is very raguiſite to underſtand it. 


Section 1. of Compound nereſt. 
Þ the Principal put to Intereſt, O 
As before, 


r = the Time of its Continuance, 

A = the Amount of the Principal and Intereſt. 

FR the. Amount of 1 l. and its Intereſt for 1 Tear, at 
2 any given Rate, which may be thus found. 


Fiz. 100: 106 22 : 1,06 = the Amount of 11, at 6 per Cents 
Or 1co : 167 :: 1: 1,07 = the Amount of 11, at 7 per Cent; 
and ſo on for any other aſſigned Rare of Intereſt. 


Then if R= the Amount of 11. for One Near, at any Rate. 
M = the Amount of 11. for Two Nears. 
RRR = the Amount of 11, for Three Years, 
the Amount of 11. for Four Tears. 
R= the Amount of 1/, for Five Tears, Here : 


For 1: RE R: M:: RR: R:: M: R.: R.: R: Recs in gr. 
| As one Pound: Is to the Amount of one Pound at 


That is | one Year's End:: So is that Amount: To the 
amount of one Pound at Iwo Year's End, Ge. 


Whence 


Let 


— Nn ol 


= Algebꝛa. Part Tm 


Whence it is plain, that Compound Intereſt is grounded upon 
a Series of Terms, Increaſing, in Geometrical Proportion Con. 
rinued ; wherein # (viz. the Number of Years) does always af. 
ſi gn the Index of the laſt and higheſt Term, iz. the Power gf 

X whichis Re. 5 
Again, As 1: R:: P: PRt=A the Amount of P for the 
Time, that R: the Amount of 11. 


5 As one Pound : Is to the Amount of one Pound for any 


That is < given Time:: So is any propoſed Principal (or Sum: 
N (To its Amount for the ſame Time. FA 


From the Premiſes, (I preſume) the Reaſon of the following 
Theorems, may be very eaſily underſtood, 


2 | Theoztm 1. PR: =. As abc ve. 
From hence the Two following Theorems are eaſily deduced, 


; | : of | ö 3 


By theſe Three Theorems, all Queſtions about Compound 
Intereſt, may be truly Reſolved by the Pen only, viz .#withou 
Tables; Tho' nor ſo readily as by the help of Tables, Calcu- 
lated on Purpoſe, as will appear farther on. 5 


Queſtion 1. bat will 2561. 10. Amount to, in Seven 
Tears, at 6 per Cent. per Annum, Compound Intereſt, 


Here ir given P= 256,5 . *=7 , and R= 1,06 which 
being Involved until ns Index : (viz, 7) 4 will become 
* = 1,50303 | | 
Then 1,50363 X256,5 = 385,6811 = A = 2385. 137. 7:4 
which is the Anſwer required. £ 


Queſtion 2. 7hat Principal or Sum of Money, muſt be put 
(or Lett) out, to Raiſe a Stock of 3851. 13s . 73d. in Sewn 
Tears, at 6 per Cent. per Annum Compound Intereſt 2 


Here is given 4 385.6811 R= 1,06 and t=7 To find]. 
by Theorem 2. | " 
Thus Rt — 1550363) | 385.6811 = 4 (256,5 — 

That is, P= 2561 . 10s, which Þ the Principatggr Sum & 
was required, Taal : | . 


Queltion 
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AQneſtion 3. In what Time will 2561. 10s , Raiſe a Stock 


of (or Amount to) 3871 . 135 « 754. _— 6 * Cent. per 
Annum Compound Intereſt ? 


| Here is given P 256,5 4385,68 11 R=1,06 To Gnd t 


A 
by the Third Theorem 5 == S356 2 = 150363, | 


which being continually Divided 7 R = 1,06 Gotti aki | 


remain, the Number of rhoſe Diviſions will be = 97 =, 


Thus 1,06) 1,50363 (1,41852 And 1,06) 1,41852 (1,338225 
Again 1,06) 1,33$225 (1,262477. And fo on until it be- 
come 1 oc) 1,06 (1. which will be ar the Seventh Diviſion. 
Therefore it will be g= 7 the Number of Years required 
by the Queſtion. 


Aueſtion 4. If 256! . 10. will Amount to (or Raiſe E 


Stock of ) 3857 « 13s « 7:4 . in Seven Tears Time ; What muſt 
the Rite of Intereſt be, per Cent. per Annum. 


Here is given pid A=—385,6811 and t=77 Quere R. 
By Thcozem 3. $5 = = Re = = 1,50363, As before in the Laſt 


Queſl:on. And if & =" = 1.30363 Then R "1450363 


which may be thus Extracted. 
Pur | Fe R Then 


10 7 6613 Lz == 1,50363 =@ 
2 — 77 | 7r%e + 21e e = G — 77 
G — 77 


. 


* 
Operation r = 9 o, 0719 (0,06 =e 


+ 3e = 18 708 
— —— —ů — — e K ; 
Diviſor 1,18 (11) to be rejected. 


Url r= oo i: 2 
3 10 = 


. „ 


T — 


Let er i Then D=0,0719 


Then 1: 0,06 :: 100: 6 The Rate per Cent, 2 


The Firſt Three Queſtions may be much more eaſily per- 


form'd by the following Table, whick is only the Amounts of 
one Found for Thirty Niue Years, 


That 
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2365 Algehza. - Pani 
Thar is, of R. AR. MR R. R.. and 40 on t f, 


The Ihe Amounts | I 1he Amounts | SR | The: 'Amounig 
| 8 of 11, at 6 per A | of 1/. at 6 per E of 1d. at 6 pp 

|| | Cent. &c.Com- | || | Cent, &c. Com- U Sunk. Cons 
| > pound . Interſt . pound Intereſt. pound Intereſt, 
| 11}1,06=R 14 2,2609039557 17 4,8223459 400 

21,1236 — RR 132326558921 28 5,11168669)ʃ 
ſ 3 |1,191016=&* 162543516847 29 $:4153878596} 
: 1,26247696 17 26927727857 | 39 37434911729 


417 ——ů —ꝛ 
| 511 1,33$2255776. 18 2,38543391529 | 31 6,088 1006431 
7 1418519712219 3,0255995021 [32 ne 
7 
8 


1,50363025 90 20 3.2071354722 | 33 6.8 405898824 
| 1,539338480745 21 | 3,3995636005 | 34 
91 . 221 3,6035374166 2 7,686086791 
| 10 | 1,7998476965 113 | 3,8197496616 | 36 | $,1472519998 
111 6932905583 [24 4,09489346413 | 37 |8,6360871198 
} 12 {2,0121964718 |25 | 4,2918707197 | 38 


9,1342523470 
[13 2.13292$2601 26 | 4+5493829629 39 9.703 507at79 


The Title of this Table ſhews its Conſtruction, and its Uk 
will eafily appear by an Example or Two. 


RO I. What will 375l , tos, Amount to in Nine To 
at 6 per Cent. per Annum, Ge. 


The Tabular Number againſt 9 Vears is 1 689479 which 
being Multiplied with the 3 375, will produce 


634,3993 Ge, ws 6341 . 85 . fere, being the Amount or 
Anſwer requi | 


Example 2. What Principal (or Sum) muſt be put to hoes 
to Raiſe a Stock of 6341. 8s , in Nine Tears Time, at 6 per 
Cent per Annum, &c, 


If the propoſed Stock, (viz. EY be Divided 1 the Ti 
bular N that is apainſt the, given Number of Year, 
(viz. 9.) the Quotient will be the Principal (or Sum) re 
quired. Vi. againſt 9 is 1,689479) 


Then 1,689479) 634,4) 275, = 3751 . 10s. the Pri 
cipal (or Sum) as was required, 


Example 3. In what Time will 3751 . tos. raiſe eStacks 
(or Amount te) 6341 . 8s , at 6 per Cent c. 


Divide 


Chap. 12. 
| Divide the propoſed Stock (viz. 634 4) by the given Pringi- 


pal (rig. 375,5) and the Quotient will ſhew the Tabutar 
Nomber chat ſtands Over againſt the Time ſought. * 


” * - 


Thus 375-5) 6344 (4,5689479 &c. this Number being 
ſought in the Table, will be found to ſtand againſt 9 Years, 
which is the Time required. . 33 

But if the Quotient cannot be truly found in the Table of 
Amounts ſor Years, as above; Then take out of that Table 
the neareſt Number that is Leſs, and make it a Diviſor, b 
which you muſt Divide the firſt Quotient; And then ſeek 
the ſecond Quotient in the Table of Amounts for Days, (which 
11 inſerted a little further on) and it will aſſign the N. 
Days, As 1n this Example, 


Is what Time will 563. Amount to $60l. at 6 per Cent, 
per annum, Compound Intereſt ? 3 | 
5 _ Anſwer, In 7 Years and 99 Days. 


Thus, 563) 860 (1,52753 which ſhews the Time to be more 
(e abwe) Seven Years; For over againſt ) Yeats is 1, 50363 
which being made the New Diviſor: 1 e 
Viz, 1, 50363) 1,2753 (1,01589, Sc. this Number is che 
neareſt Amount to 99 Days. ; 


Note, If the Stoch. Principal, and Time be given; the Rute 


in the Fourth Queſtion. 


The next thing tbar! ſhall here propoſe, is to make this 
Table (which is only Calculated fir the Rate of 6 per Cent.) 


I may preſume to ſay, is a New Improvement of my own, being 
well ſatisfied it never was Publiſhed before, and not only ſo, 
but [ have heard ſeveral very good Artiſts affirm it was impoſ- 
livle to be done. 3 


Difference between 1,05 —=R the Amount of 1. for one 
Year (in the Table) and any other propoſed Amount of 11. for 
ene Year; which admits of Two Caſes. . | 


Rog 1, If the propoſed Rate be Greater than 1,56 R. 
un k ill RC = the true Amount of 1/, for one Year at 


* 


Ca 
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umber of 


of Intereſt will be beſt found by Extracting the Rot, &c. As before 
Univerſally Uſeful for all Rates of Compound Intereſt, which, | 


The Merhod of performing it is briefly thus, Let a = he 


F-Y 


—— 


. — a k F 3 N — = — — Fr 3 | 
258 Wks  TFmy 
Caſe 2, But if the propoſed Rate be Jels than 1,06 
then it will be R— x= the Amount of 10. Kc. 


N Eds =Fiit.3=d. a4 = 
Make 422 2 cg Zam nu <= 8 Py 

Then will R + :Rbx ER xx R xxx &c. —th 
Amount of 11. at the given Rate, for any Time denoted by 
c . 

And R - Rx + gRexx — mR*xxx &c. = the Amoun 
of 1/. in Caſe 2: | es, Wy IP 
Which is no more bur this, Ler R + x Or Rx 

(which ſoever it is) be Involved (as directed in Se&. 5. Chap.1, 
to the ſame Power or Height as the Index : the given Time 
in the Queſtion denotes : Rejecting all the Powers of x aboy 
xxx Or xxxx ar moſt, as uſeleſs. e 
Then Multiply that Power of Rx Or Rx im 
the given Principal, and their Product will be the Amonn 
— An Example or Two in each Caſe will render il 
Example 1. Suppoſe it were required to find what 2561. ul 
Amount to in Fifteen Tears, at 8. per Cent, per Annum Compoud 
Intereſt? Here f=15, 5 Ds 
Firſt 1,00 : 108 :: 1 : 1,08 the Amount of 1. at 8 per Cent 
Next 1,08—1,06=0,02z=x, And REx=1,08 As in Cafe 1, 


| Then R'* + I5R'*x + 105K & ＋ 455R"xxx &c, = i 


Amount of 1/, for 15 Years; at 8 per Cent. 


8 —. 3 — 


Hers x == 0,02. #x= O0,0004. « and xxx =,ocood 


| By the Table X., 


15 RfN = 2,260904 X 15 N02 


0,678291 
0,089583 
6,00731 


——  — 


| 3.1 1179 


105RIxx== 2,132928 X 105 X ,0004 
455R xxx = 2,012196 X 455 X ,000008 


e 


Sum 


Il 


| 4: Then 3,171736 X 256 = $11,964416=4 
6 That is, 8 111 . 9s , 324 fere, Which is the Anſwer as n 
Example 2. What will 3651. Amount to in Seven Tear, i 
four and a half per Cent. Oc. 5 
Firſt 100: 104,5 2. 1 * 1,045 the Amount of 11, ati; 
per Cent. A 


New 
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— en ee eee meme one 


31 


* 


in Caſe 2. | | a Ast 
Then “ — 7R*x + 21R'xx — 35 Rxxx &. = the 
\mount of 10. for 7 Years, At 42 per Cent, ; 5 
ete 1 = ois. x õο,iz; . and xxx== 00003373 
By the Table N = + 1,503630 
( RET = 2 0,148944 
And + 21R'xx = 0,006323 
| wh — 35R'xxx = — 0,000141 
* — 7R Y + 21R'xx 35 RX = 1, 360868 
Then 1,3608568 x 365 = 496,71682 = A vs 
That is 496/ . 145 . 35d is the Anſwer required, 
If the Reaſon of theſe two Operations be but well underſtood, 
it will be very eaſie ro Conceive how to find P, the Principal, 


by having - 4, 7, and x given (becauſe R and its Powers are 
always given by the Table.) | 


Next 1,06=1,045=0,015=x. Conjequently R—x=1,045 


Therefore N EN Þ Rena CHN = E © 

Or if 4, P. and e be given, x may be found, 
For Rt Rx + gRexx + mR4xxx — 5. This Aquation 
being Solved, (as in Chap. 10.) the Value of x will be found; 


For Rx + gRexx IT mRixxx x PA (as above,) : 


and then either R + x, Or R—x will ſhew the Rate of 


Intereſt, &c, | 
But I ſhall leave the Numerioal Operations to the Learner's 
Prackice, ſuppoſing enough done to ſhew how all Queſtions of 


this kind thar are limited by whole Years, may be Compured. 
And if the Time given or ſought be not Terminated by whole 


Fars, but by Weeks, Months, Quarters or Half-Tears, &c. for 
Reſolving ſuch Queſtions, the beſt way will be to Reduce thoſe 
Parts of a Year into Days; that done, find an Anſwer accord» 
jog to the Demand of the Queſtion (and agreeing to 1 /. as be- 
fore) for thoſe Number of Days; and in order to that, it will 
be requiſite ro find the Amount of 11. for one Day, (as in my 
Compendium of Algebra; Page 110) which I ſhall here inſert. 


Put 4 = the Amount ſought, then it will be 
114 :: 4: 44 :: 44: 44a :: 444: 4444 = te a5; 


LI That 


a — — 
4 1 * Sa” n 
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FA one Pune : Is to its proyerany _ eyes T7 
Thats i that Amount : To the Amvunt of Two Days :: ' And; 
9 Ji that of Two Days : Io that TR . Dan Anh Ml 1 
on in . to 365 Days. == p 
Then rhe. Laft of the Terms will be 4265 — 1 06 . a 1 
Put ] 1[r Te. And let = t N | 
1 G. 365 21 + 365758 + 66430 dee = 4 1.0 
2, in Num. 311 = 365e + 66436ee = 1,06 | 
| 365e + 6643082 = 0,06 
5, 05 49e 3 ee o, oo00009032 b 


3 = | * ,00- l 


Operation ,00549) 0,9000009932 (C, ooo De 
e =,00016). „ 


1. Diviſer „o 35332 Firſt 1 I 
2. n 00563 3399 | Oy doe 


r A e = 1,00016 

New r = 1,coo16 e Operation. Then 
2, in Num. 7,60 13401407 FP 386,887e L 70402, 17242 
(6 = 1,06 Hence it appears that r—e =! 
Therefore | 8 1,0601 3401407 — 386,887e + 70402172 

Ss * > F ==2i 1.06 

8 + | 9 386, 8876 — 70402,172ee = 0,0001 3401407 

9 = 10, 054953 — ee == ,000000001 9035 503 


| 00000000 19035 503 
10 — (138 250 — — 
1 en 
Operation ,0054953) 4000000001 9035503 (,00c0003 Se 
— © , ooocooz3 164850 
— 
Diviſor , 054950 255050 eben 
| EE 219800. 
Laſt r= 1,c0016 352503 
— & = 0,0000003464 TS STORE - 
r FOES 1,0001596536 2 9800 


Which being farrher purſued to a Juird Operation, it wil 
be 4 = 1,000159653587453 &c. Tia 
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"This Value ot 4 is the Amount of 11. for one Day, trom 
which, if 10. be Subſtratted, the Remainder = ,00015965 3587 &c. 
wilt be the Turereſt of 1/; for one Day. n if any 
propoſed Principal be Multiplied into either of theſe, the re- 
ſpective Produft will be che Amount, 
tor one Day, at 6 per Cent. &cc. 2 

And that the Amount (or Intereſt) of any Principal or Sum, 
may be eafily computed for any Number of Days Leſs than a 
Year ; I have here inſerted the following Table, which with 
a great deal of Care (and 7 believe Exactneſi) is Calculated 
from the Laſt found (1,000159653587453) Amount of 11, for 
one Day. To which alſo is Aunexed a Table of the Amounts of 
11, for Months, ; : | 


Amounts of 11. 
- WG 

1,0001596536 
1,0003193326 |: 
10004/90872 
1, 006387673 
1.000 7985229 
, 0095830393 
150011181105 |3 

3 

3 


or Intereſt of that Principal 


1 f ML * 


Amounts of II. 
8 &c. < ; 


150041 592879 511, 081749166 
10043196055 15211, 083358753 
1,0044799487 53 1, 084968597 
1, 046403175 54 1,0086578699 } 
1, 048007120 55 1, 0088189057 


15049611320 56 1, 089799673 | 
1,0051215776 571, 091410545 
150052820488 | 58] 1, 093021675 
1,0005442 545) 59 1,0094633062 
1, 0560 30682 60 1, 096244707 


W AC. ond EE, oy "ER 


S | Amounts of II. 
2 &c. 


| | 
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1 Þb 
A 
—— CEIEEY 
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De 


[oa > wa  — 1s8&Aeq 
V3 6 


1,00 12779426 
10014378002 


150015976834 35 


> 43 9 
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[ 


jan — 
8 — | 
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, 19 
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ad 


21 
125 


23 


24 
25 


150017575920 I 26 
I,o019175262 | 37 
1, 020774859 | 38 


1, 0022374712 | 39 


1,0023974820 | 40 
150025575184 AL 
| I,0027175803 | 42 
1,0023776677 |43 
1,003037 7808 44 
— 803197919345 
1,0033580850 | 46 
189 47 
150036784885 48 
0038387294 49 
. 039989958 50 


1,005 7636164 
150059241901 
150060847895 
1, 0062454146 
1, 0064060653 
1,006 5667416 
1,006 7274436 


1, 0070489245 
1,007 2097035 
1,007 3705082 
10075313385 
| 1,0076921945 

1,0078530762 
1,0080139835 


1, 0068881712 


6¹ 1, 097856608 
62 L, oo9 9468767 
150101081184 
64 10102693858 
65 1,0 104306789 
661,0105919978 
6711,0107533424 


6$]1,0109147128 


69 1,011076T090 


70] 1,0112375309 | 
1711: 1,01139989786 | 


- 


721,0115604521 


731, 01172195133 


74 | 1,0119834764. 
75 1,0120450272 


| 


em. 


Days 
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17 76 TEEN Pu" 


440 


24 


15012368 2062 
„0125299344 


I 1285316 83 


„enen, 


1,013 5001458 
1,e136619547 


10135237895 


150143094488 
10144713869 


—— 


10146333511 


1 9210147953408 
| 9311,0149573565 | 


10151193981 
0152814655 135 


1,01 301 48739 
1,0131 766054] 1 
10131383627 


1,0 1398 56501 


5 
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10190161667 
50191788563 
| 101934157 9 


DS IIEEIIICY 


1,0195043134 
1,0 196670809 


2 18198228) 


1,01 99926914 
| 0201555389 


— u- 


1,0203 184110 
1,0 204813084 
150206442319 
50228071814 
1,0 2097 1569 


50211331585 


10214592397 
10216223193 
1,02 178 54250 


21 86908655] 156 


10212961861 
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0 
119 
160 
161 
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163 
164 


166 
167 
168 
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173 
174 


155 | 


I 10253803453 
1,0255440509 

1,0:57077827[' 
1025871 5406 


1,0260 \ $3247 
1,026, 1991 349 
once 

1,0265268330 

1,026 907225 


| 1,02685 46374 | 
| 13027013578 


1,027 i825450 
9077345530 


en 


1,0 2767 260460 
150278386764 
1,018002)7746 
1,028 1668989 
1,0283 3 T0494 


— — 1081 


17015343779 | 
1,0156056781 
1,0157.678222 
(1,015929994 1 
101 9921910 


101 1,0162544138 
Sn! 64166624 
leg |1,0165789370 


1,0219485 567 
10221117144 

10222748982 
10224381081 
150226013440 


, 1,0227646060 
1,9229278940 
11,0230912081 


190284952261 
0 865942510 
1289236583 
1,0269879'37 
1,0291521953] 
1,0293165231 
-1,029490$372 
1,0296451975 
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967501 176 


177 
178 
179 
180 
181 | 
182 
183 


— 
a 
8. 
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1104 
105 


106 
107 
108 


10167412375 
50165035638 
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1, 0170659161 


1,9 72906985 


„0172282944 


1,0232545483 


146 % 233813069 


[340237447253 
1502 39081699 


10234179146 


184 


185 


186 
192 
188 


1,02 98095841 
1,0299739969 


vozolz 8430 
1030302901 
1 03046779 il 


og 
110 
1 
11 
112 
113 
84.4 
115 


1,01755132867 149 

1,0177155846 | 150 

101 78780665 

15 18040 5744 

150182031083 
ee 


1, 0240716405189 
1520423517219 
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024398660191 
1,0245622089 , 192 
1,0247257839 | 193 10312902445 
f 02488938 F51 my 1,0314548937 
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1 0306319 06 
1.037964 


103096 1025 
150311256216 


151 
152 
153 
34 
55 
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\ hath. tn? 
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Gap: 2. Ot Compound Intereſt, Kc. 283 
een of uy ard” 4 of 1 & N E of 11. 1 


ble 


&c. 2 &c. 


) | 2.36 — 3 276 |T,0450459680 | 
1,0319489999 | 237 1,038559731S | 277 | 1,0452128133 | 
8110321137534 238 1 038725546 9 25 150453796853 


— 
— 
O 

VE) 
— 
—1 
OO 
— 
d 
—1 
O 
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| 10322785341 239 1503889137) 78 | 279 1,045 5446584 
1,03244334" 2 | 24 2.40 1,03905 72495 $0 | 1.0457135092 


1 150326081742 241 1 03922 231298 281 | I 1, 458804611 
202 1032773033924 1 035389059 282 | 1 460474397 | 
203 1,0329379198 243 | 1,0395549870 283 | 1,0462144449 
104 1,0331028321 | 244 1,039720950 31 284 | 1,0463314768 
12051 1,0332 2677706 245 1,03988 69515 2 10465484353 


_— 


NI 1,0 27355 246 | 1,04003 1,04005297 32> 28641 0467 15620 
2071 633557726824 1,04021902 6 287 1,046882 7325 | 
1208 10337627444 * 1 o4038 5096 1 | 288 1,0470498711 
209 1,03 39 18883 24911 0405511973 289 10472170363 | 
21041 934592898 58 61250 1 ,0407 173250 290] 130073042503 


— 


— — —ꝓẽ — 


1211 1,0342.579552 51 | 1,0408834793 291 | 1,0475514469 | 
212 1,0344230782 252 1,0410496601 292 | 1,0477186923 
213 | 1,0345882275 | 255 1,0412158674 | 293 | 140475859643 
214! 10347534033 | 2541 1,041 3821012 294 | 1, 0480532631 
115 1, 349186054 | 255 1,041 5483616 | 295 1,0482205885 


816 15350838338 256 1 0417146485 296 1, 048387940 

217 | 1,03 52490887 257 | 1,0418809620 297 | 1,0485553196 | 15 

21801 19354143699 253| 1 042047 3Ont 298 | 1,0487227252 

2191 1,0355796715 | 259 36687 | 299 1,0488901 5% 

220 1,0357450115 260 10423800618 300 1, 0490576166 
—— — 


— 


66 


gan 


221 1,0359103719 261 1,042 5464815 301 10492251025 
222 1,0360578 71; 262 10427129278 302 1,4939 26150 
: 


23, 1,0362411719 263 1,0423794997 303 | 1,0495601543 
224 | 1 "0364066116 204] 1,04 30459001 304 1,0497 2772044 
122511 5365729776 265 10432124261 305 1 70498953132 | 


226|1 0367375701 i | 266 | 1,0433789787 306 75 10500629327 | 
22711 0369030889 1267 | 1,04354555319 307 | 1,0502305790 
228 1,0370636342 268 1 9450781631 308 1 0503982521 
1229] 1,0372 342059 269 | 1,0438737961 | 399 1,0505659519 | 
|: 3001 9373998041 2.70 I 10440454551 30 1 50033 67 . 


1 1,0509014320 1 
231 10375654287 271 1044212140) 3111, i 
1735 15 6555575 55 R 50443788529 312 10510692121 


— 


—— 


— 


10445455918 313 bann 
10447123572 314 150514048529 
10448791493 3 37 0515727134 | 

3 — x | 


Days 


233] 1,0378967573 273 
224| 1,0380624612 274 
2 10382241916 275 


445 
2 
691 


Daz 


— 


— — * — — "IO 
2 | Amounts of 1/.}. Amounts of J. © | Amounts gf 1 
85 | &c. | E &c. . + Sic. 
316 | 1,0517406008 339 1,05 56094165 362 15 
317 tee 349, 1,05577794%4 363 t,059661615 
318 11,0520764559 j-—| TT 1 364] 1,0599307442 
319 |1,0522444237 341 10559405071 3065 1196 70 
| 329 1,0524124183 342 | 1,0561150927 12 


— > 


343 W „ 


321 J 7,52 5804397 344 1,5642348 
322 1,0527484890 345 1,0566210112 1 5 
323 [1,0529165631 1 Leg poet | The Amount! 
324 105388466 50 34% 19597997045 | E of 1), at 6 py] 
2 3480167127172 | & cer | 
e — 1348 1, 27172 * |. - 
336 | 1,053420p493 1349 | 1,0572959594 ( Loon 
327 1,0535891317 350 1,0574647472 | 11, 04867550 
28 F1,0539572410 ITT TITER” 241, Tr 
15 185 Pg 1,0576335753 | 3 10140 
} 33 | 10549938401 7 5 Ons | 4] r,0196128224 
331 |1,0542621300 354 1,0581402211 | _F 150245 159394 
e | mmm | Oita 
33 1,0545987 TCO OTE IEtS 14:0 
13:4 [1,0547671608 35% 10584181199 8 eee 
335 |1,9549355582 788% „ % re 
e 101475555 


— —, —— — — 


3591 1,0589851703 


— — 


3361,55 1039824 | 
337 [19 52724336360 1,059 54411 | 11] 1,0548653894 | 
e er: ABS as 


The Uſe of this Table is in all reſpects like that of whole 


Years, in finding the Amount of any given Sum for any prop. 
ſed Number of Days Lels than a Year. 


Example t. Suppoſe it were required to find the Amount o 
3751. for 210 Days, at 6 per Cent. | 
The Amount of 1/. for 210 Days is 1,0340928 Ee, per Table 


Then 1,0340928 X 375 = 387,78 1B Oc, — 3871 . 155 854 
which is the Amount required. | TOM 


And the reft of the Variations may be perform'd juſt as inthe 
Examples of whole Years, ; A 
Fut it the Time given confiſt of Nears, and parts of a Jew, 

As Quarters, Months, Cc. Then Reduce the Odd Time 0 
parrs of the Year into Days; and the Anſwer may then be 
found at Two Operations; As in the following Example. 


Eu 


—— —— 


(ay 75. Of Componnd l Ke: 265 


Example 2. Suppoſe it were required ro find what 2651, world 
' Amount to in Five Tears and 135 Days, at 6 per Cent. Sc. 


5 Years is 1,338225 Cc. 
35 Days 18 1021785 Se. 


| Then 1,339225 X 1,0 21785 X 265, = 362,355232 Cc. 
being the Amount or Anſwer required. 2 


Or, if the Amount and Time are given, To find the Principal ; 
Then Multiply the Amount of 11. for the Tears, and the Amount 
of 11. for the odd Days together; And by their Product Divide 
ihe given Amount, the Quotient will be the Principal required. 


Fxample 3. What Principal will Raiſe a Stock of 3621. 75 . 1d, 
Or 362,3552324. in 5 Tears and 135 Days, at 6 per Cent. Sc. 


8 5 Tears is 1, 338225 Ge. 
The Amount of 1 for 1137 Days is 1,2178 5 Se. 

Then 1, 338225 K 1,0021785 = 1,367378 &c. the Diviſor. 
Next 1,3673783) 362,355232 = A (2651. the Principal 
required, „ 

Again, if the Principal, and its Amount are given, To find 
the Time, at 6 per Cent, & c. you muſt Divide the Amount by its 
Principal, and then proceed as in the Third Example Page 255 
for the Anſwer required. N 

But if the Amount and its Principal, with the Time of its 
being at Intereſt are given, To find the Rate of Intereſt; Then 
proceed as in the Fourth Queſtion Page 255 &c, | 

Now in order to make this Table of Amounts for Days, uſeful 
for all Rates of Intereſt (as before in that for Years) you muſt firſt 
find the Simple Intereſt of 1/. for one Day, both at the given 
Rate, and allo at 6 per Cent. And call their Difference x. 

Thus, Suppoſe the given Rats were 8 per Cent. per Annum. 
Fit 100: 8 :: 1: 0,08 And 100: 6 :: 1: 0,06 the Two 
e Dimple Intereſts for one Year, | NE 
84 Then 365) 0,08. (, 0021917 Ge. rhe Simple Intereſt of 17. 

for one Day at 8 per Cent. | 

And 365) 0,06 (0,00016438 Cc. the Simple Intereſt of 1“. 
for one Day at 6 per Cent. 

Their n o, oo00 5479 =x Which may do indiffe- 

Year, rently well for ordinary (mall Queſtions ; Bur where Exactne fs is 

4 required, it will be convenient to make Uſe of this Pop en. 


Fiſt the Amount of 11, for 1. 


* 
M 1 755 
4 
Z — 


pe deduced thele Proportions, 


u, will become A4A—a=R4— uRe. 


CO Cn — ů r 2 2 


. os 4 4 N part if 
5 the Simple Intereſt of 11. for one Day at 6 per Cent: 
Viz. 


Is to the Tabular Intereſt of 10. for one Day :: 80 
the Simple Intereſt of 11. for one Day, at any given 
Rate : To a Fourth Numbe, | eee 


That is, o, oo 16438: 0,0004 5965 :: , 00021917 f 0/0002 1206 
Then 0,00021286 — , ooo 15965 =0,c0005321 — K. 


This x being Involved with the reſpective Amounts for Das | 
in the ſame manner as was done with thoſe for Tears, (vide Page 
258) the Reſult will be the Anſwer to the Queſtion, 


Section 2. Annuities or Penſions i» Arrear; Cm 
 Pputed at Compound Intereſt. . 


When Annuities, &c. are ſaid to be in Arrear, ſee Page 148, 
And I ſhall here make uſe of the ſame Letters to repreſent the 
ſame things as before in that Page, fave only that R is here 
equal the Amount of 11, as in Section 1. of this Chap. 


Suppoſe u = the Firſt Tears Rent of any Annuity with 
out Intereſt. | S | | * 

es the Amount of the Firſt Year's Rent, and 
Then will Ku F Yin Intereſt ; More the 2d 2 Rent. 


2 5 the Amount of the iſt and 2d Nar' 
And RR + Ru-Þ u= 5 Rents , with their Intereſt ; More 
| | the 3d Tear's Rent, &c. 


Here RRu + Ru E n = 4A the Amount of any Tearly Rent 
or Annuity, being forborn Three Tears. And from hence may 


Viz. u: Ru ©: Ru © RR:: RM: RRRu and ſon on in = 
for any Number of Terms or Tears Denoted by 7, wherein ths 
Laſt Term will always be uk —1 . 
Conſequently -4 —uR'—! = the Sum of all the Antecedents 
And 4 — u-= the Sum of all the Conſequents in the Series. 
And therefore it would be : uR :: A RK : 4-1 
Vide Page 188. . 

Ergo Au — uu = RuA — unR: which being Divided all 


From this Laſt Zquation it will be eaſie to Raiſe the follow 
ing Theorems, | 
A 


uR'—1 


— 3 
Theozem 1. Rk — 4A, Theozem A* * 


"= ihe 
I 


Thes 


— — — 


—— — eomeacteaaaesd a 
— 
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2. Of Compound Intereſt, &c. 


* „ 


9 & 
2 
. 


wo RAL- 4 e 

Theoꝛem 3. q 6, 85 R. If this AÆquatien be con- 
inually Divided by R. until nothing remains, the Number of 
thoſe Diviſions will be 7. See Page 255. | | | 


A 


e | — : 5 

4. Again 4 R RN I this £quation be Reſol- 
ved into Numbers, according to the Method propoſed in Sect. 3. 
Chap. 10. the Not will ſhew the Value of R 


Queſtion . If 300. early Rent, or Annuity, &c. be forborn 
(viz remain unpaid) Nine Tears ; What will it Amount to, at 6 
per Cent, per Annum Compound Intereſt. 

Here is given #u=3o t? And R=1,06 
Per Toearom I, 3 
R, 689479 By the Table of Amounts for Years. 
| 30 5 | | 
R = 50,684 370 


— #4 = 30, 


To find 4 


R—1=0,06) 20,684370 (344,7395=344/+ 143 + 95d = 4 
the Amount required, 

Queſtion 2. hat Yearly Rent, or Annuity, &c, being for- 
ben or unpaid Nine Tears, will raiſe a Stock of 3441. 14s . 95d. 
= 344,7395 at 6 per Cent. &c. 
ere is given 4 =344,7395.t=9. And R=1,06 To find . 
Per Theorem 2, 

AR = 34447395 X 1,06 = 365,42387 
| , — 4 = 3447395 


R'— 1 = 1,689479 — 1 = 0,689479) 20,68437 (30 = 


Queſtion 3. In what Time will 30 l. Tearly Rent, raiſe a 
Stock, or Amount to 3441 . 145 , 91 d. allowing 6 per Cent. for 
the Forbearance of the Payments. | 

Here is given # 30 A = 3447395 
Tofind 2. Per Theorem 3. | 

Firſt AR Þu — 4 =365,42387 +30—-344,7395=59,68437 
And 1 = zo) 30,8437 (1,689479 R. Then 
Noé) 1,68947 (1,593848 And 1,06) 1,59 3848 (1,59363 
and (o on until it become 1,96) 1,06 (1, which will be ar 
the Ninth Diviſon; therefore #t = y. 


* A . 
1 
* - 
53 M m 2 


And 22 1,06 


* — — — 
— nr” 
— — 


Or 


will Amount to 3441 . 14s . 934. Allowing Compound Intereſt 


„„er 


„44 be" 


] Ä 


2*2:̃ —__ 
2 Ns ——— 5 — 
23 * 2 ˙ 2 — Ge 
— * V4 Ps 


| for every Payment as it becomes Due, What muſt the Rate of Ih. 


| Here n gen 188360 4= 34447395 And : = 9 To find 8 


Hence there is this Equation 11,491 317R—R” =10,491317 


Or K = 1.689479 being ſought in the Table of Amun 
for Pers will be lound to ſtand Over-againft 5 Tears, whi 
is the Time required. | 85 


Nueſfion 4. If 30l. per Anpum, being paid Nine Na 


zereſt be per Cent, &c. 


by the Laſt of the Four Æguations above, Viz. KN 


LS 4-1 5 | 
Firſt Y , = 11,491317 And — = 10,491317 


Ld 
+4 
5 © 


Let x rÞ e= And ſuppoſe * 
I & 9279 Taps ao 36 e = R? | 

1, in Num. | 3111,491317 + 11,491317e==11,491317R 
I,000000 | 9,0000008 + 36ce =? 


2, in Num. 4 
510, 491317 +2,491317e —36ee 21049130 


6 + 6 | 36ee—=2,491317e 
6 = 36e | 7je = 0,66 Er. 


R : C As may be eafily Tryd, by I 
8 Uy oe = 1,06=R J volving it, and Ordering it, a 
N | the Equation above dire(s, 


Sect. 3. To find the preſent Mozth of Annuities, Penfims, 
Or Leaſes, &c. at Compound Intereſt. 


Let P == the preſent Worth of any Annuity, or Leaſe, &. 
and the Reſt of the Letters as before. _ 
Then, from what has been ſaid in Section 3. Chap. 11. about 
Purchaſing of Aunuities, &c. at Simple Intereſt, jr voll be Eaſe 
to Form the like Theorems here at Compound Intereſt, viz. by 
Combining Theorem 1. Page 269. And Theorem 1. Page 254 
:nro one Theorem. | | Mos, 


UR — 4 © The Amount of any Yearly Rent being Ul 
For Yo = A paid any Number of Years. Per Theoten 


| K —1 I. of the Laſt Section. 


The Amount of any Principal or Sum beit 
And EN == ; put to Intereſt, for the ſame Number of Tears 

4 7 Per Theorem 1. Page 254. 
; Near Hence 


— ——ͤœH — — — _ 
Chap: 12. Of Compound Intereſt, &. 269 


EN 108881 1 A # | 2 | 
Hence it follows, That PR = 5 -Viz. PRT PN Nu. 
being the very ſame Equation with that in my Compendium of 
Algthra Page 112 which is chere Raiſed from rhe Conſideration 
of Purchaſing Aunuities, or Taking of Leaſes, &c, to be ground- 
ed upon a Rank or Series of Geometrical Proportionals Continue 


ah Decreaſing. Thus F is the Fiſt and Greateſt Tem; 
R the Common Ratio Of all the Terms ; And P is the Sum 


| of all the Series. 


Yu 4 u u u uU 1¹ * 


69362 cc $9 8 20 


That 18 N FRN M MN MR be R X Kc, | in 22 


until the Laſt Term = Then will P — 5 be the Sum 


of all the Antecedents, And P _ will be the Sum of 


all the Conſequents. Therefore ir will be 


y u | q ; ; uU 1 2 
＋ 3. Or (in the ſame Ratio) 2 : 1 P: P — = 


which produces PR l AR = PR — u. As above. 
From this Æquation may be Deduced theſe following Theorems. 


Um, \ | | — 
| . | PR R —PRe- 
N T. Theoꝛem * 3 


25 1 Mich being Continually 
Theozem 3.4 P+ PR. Re 7 divided by R. will give t. 


| Thezem 4 N = PR TER R . The Reſoking 


of this Equation, will diſcover the Value of R 


Queſtion 1. Wat is 3ol. Yearly Rent, to Continue Seven 


| Tears, worth in ready Money, allowing 6 per Cent. Compound 


Intereſt ro the Purchaſer ? 


Per Theorem 1 Wo Foe Jo _ — 7c 17 
9. % Tone, NAN 9995 EP 


and Jo — 19,9517 = 10,0483 1 => 


Then 


y ; ; S va DC 4 , 1 . . * * 7 : : * 
270 Ailgtbia. Part f 
| 5 , - „ wh i 0 


Then R— 1 =0,06) 10,0483 (167, 4716=t==167] 9750 
being the Anſwer required. eee een 


SR 1 


' Queſtion 2. hat Annuity or Yearly Rent, to Continue $5 
Tears, may be Purchaſed for + 167/ - Of « 54. allowing s per 
Cent. Compound Intereſt to the Purchaſer ? TY Wk 


In this Queſtion there is given P = 167,716 t=q.- 
And R= 1, To find 1. By the Second Theorem. 


Firſt PR x R = 251,8 153 X 1,06 = 266,9242 
And — PRe—167,4716 X 1,50363 = 251,8153 


Then Re— 1=0,50363) 13,1089 (30 =y 
That is u = 3ol. the Anſwer required. 2 


Queſtion 3. How Long may One have a Leaſe of 3ol. Yeary 
Rent, for 1671 . 93 . 5d. allowing 6 per Cent. Compound Inte. 
reſt to the Pyrchaſer? | $5 ; 
Here is given P = 167, 4716. u = 30. And R= 1,06 To 
find t. By the Third Fheorem. "DN 


Firſt P Þu=167,47164-30=1 97,4716 | 
And — PR=177,5199 


Then 19,9515) 30 u (1,50363=R, 


If this 1,50363= R* be either Continually Divided by 
1c6= R until nothing Remain (As before in Page 255.) Or 
if ir be ſought in the Table of Amounts for Tears, &c. it will 
diſcover t—=7 which is the crue Anſwer required. 


Queſtion 4. Suppoſe One ſhould give 1671 . gs. 54d. fa 
the Purchaſe of a Penſion, or Annuity of 3ol, per Annum, to Cat 
tinue Seven Tears; At what Rate of Intereſt, per Cent. muld that 
Purchaſe be made, allowing Compound Intereſ# to the Purchaſer? 


In this Queſtion there is given, P==167,4716 , u=30 And = 
To find R. Per Theorem 4. | | N 


. | | u 2 

The 4th Theorem is this Æquat ion F Re ＋ER-RT 

Which being brought into Numbers. and its Not Extrafed, # 

in the 4h Queſtion of the Laſt Section; the Value of R wil 

be found 1,08; viz, R=1,06, 

And then it will be, 1 ; 0,06 ;: 10: 6 the Rate per Cem, 

as Was requited. o Nr 8 2g 
Thee 


— — äà—ũàv 2 


Chap. = Ot Compound Intereſt, &. 27x 


Theſe Four Queſtions, Include all the Varieties that can be pro- 

ed about Purchaſing Annuities or Leaſes, &c, which are to be 
ether immediately Enter'd upon, or in Poſſeſſion at the Time 
when the Purchaſe is made. : 201521 

Bur ſuch Queſtions, as relate to Annuities, or Taking of 
Leaſes, &c. in Reverſion, muſt be parted or Divided into Two 
iind Queſtions, each to be ſeparately Conſider d by it ſelf 
(dee Page 252.) As in the following Examples. 


Example 1. Suppoſe it were required to Compute the preſent 
Mtb of 751. Tearly R-nt, which is not to Commence or be Enter d 
yon, until Ten Tears hence; and then to Continue Seven Tears 
after that Time: at 6 per Cent, Oc. Compound Intereſt, 


The Firſt Work in this Queſtzon, is to find what 751. per An- 
um, to Continue Seven Tears, is Worth in ready Money; as if 
it were to be Immediately enter d upon: And to perform that, 
there is given, u = 75 R=1,06 And e=79. To find 
p. As in the Firſt Queſtion of this Section. | | 


nos fn vn ler = 49,8793 And 75 — 49,37 93=25,1207 


Re 
1 
= 7 | 
Then, R — 1 =0,06) 25,1207=418,6783==4181, 133. 64d. 
the Anſwer ro the Firſt Part of rhe Queſtion. 8 : 


Then the next Work will be, ro find what Principal or Sum 
being pur out Ten Tears, at 6 per Cent. &c. will Amount to 
418! , 13s . 6:4, Here is given A=418,6783 R= 1,06 
And t=1a. To find P. Per Theorem 2. Page 254, 


Thus R®=1,790847) 418,678 3 24 (2337884 2233“. 157. 9d. 


the preſent Worth of 751, per Annum in Reverſion, &c. as was 


| required. 


Example 2. What Annuity or Yearly Rent to be Entered upon 


| Ten Years hence, and then to continue Seven Tears, may be pur- 
chaſed for 2331 . 155 , 9d. Ready Money, at 6 per Cent. Ce. 
Compound Intereſt 2 Aeneas 


In the iſt Work ot this Quef, there is given, Þ =233,7 884. 
=1,06, And f=10o (the Time which the Annuity is not to 


be Enter'd upon) To find 4. Per Theorem 1. Page 254, 
| Thus, PRE 23357984 N 1,790847 == 418,6783-= A the 


Amount 


me. ee IR 


——.... EEE > ET OI 
Ee IRE - > 


Thus PR'XR=418,6783%1,50363%1, 06 = 667>1,3695 


Thar is, «» = 75 l. the Yearly Rent required by the Queſtion, 


the Method that muſt be uſed in Reſolving the Two General, and 


ES DIRT: r - — : 4 
— — ag - — Groniiege> — * b — — 
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* — — e ; - om 
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done for any Rate of Intereſt, by applying the Difference of tbe Rui 


either by Quarterly, or by Half-yearly Payments, and the Method 


r : * r — 2 — —_—_— 


3 ard > IND. 
. * 
4 


er artery Page > —— 


* „ — 
WC ppt yoog7 ora tibia . 
* 2 * * 2 - N ——— 
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i BY Annuities of 1. | Amounts ot 1. - Amounts of 11, 
= at 6 per Cent. Sat 6 per Cent. Eat 6 per Cent, 
[|< | &c. Compound - x |*©Compound 1 | &c, Compound 
"2 Intereſt. 3 Intereſt. 1”2 [Intereſt 
1 [1,029563oIlatl 11 13777875592 21 1,8437902) 
| > | 1,06 '2 |[I,4185191122| 22 |1,8982985 583 
3 [1,09133679491 13 [1,4604548127 | 23 [1,9544179853 
4 151235 14 1,50 36302590 24 12,0121964716 
5 11568170026 15 11,5480821017| 25 | 2,071 6830644 
6 1,9016 16 1,5938480745 26 12,132 9232601 
17 !1,2252260228 | 17 [1,6409670276 | 27 [2,1959549463 
8 |1,262475696 | 18 [1,6894789589 ! 28 2,2609039) 
9 |1,2997995B42| 19 [1729925-498 29 2,3277430912 
10 [22822577761 20 117008476965 20 2.296781 


SS. >: Algebza. _ pan i 
— — — — — 
Amount of 2331 . 155 9d. pur ro Intereſt Ten Tears, a ( 
per Cent. &c. Then for the Second Work of the Quſi 
there is given P = 418,6783 . R=1,06 Aud t=| 
(the Time that the Annuity is to be Enjoy'd) To find u. del 
Theorem 2. of this Section. 


5 


— PR 418,678 3X1, 10363 629,372 


Roan — — 


R —1 = o, 50363) 37,7723 (75 = 


Theſe Two Examples of finding P and 1 do fully ftey 


indeed, the moſt Uſeful Queſtions about Annuities, or Lea 
in R-verſion: And if there be Occaſion, either the Rite, or thei 
Time, viz, R or t, may be found by a due Applicaig 

of their reſpective Theorems, = 


Note, That which hath been done in the Two Laſt Sefting 
about Annuities or Yearly Rents, &c, at 6 per Cent. may alſ» il 


(viz, x) As direfled in the Firſt Section of this Chapter. 
Now becauſe that Rents, and Annuities, &c. are uſually pad 
of Computing them by the Pen, may be thought a little Trou 


bleſome ; 1 have inſerted zhe following Tables of the Amount 
of 1/, for Each, at 6 per Cent. 


D 


2 


Quarters 


L — 


Chap. 12. Of Componnd Intereſt, &c. 


Quarterly Amounts. 
4 88888 2 - i 1 


Amounts of 1/. | O | Amounts of 1/. Amounts of 1/. 
ar 6 per Cent. F at 6 per Cent. at 6 per Cent. 
&c,Compound |” &c. Compound & c. Compound 
Intereſt. 18 Intereſt. Intereſt. 


1.0146738461(21 [1,3578624938 | 41 | 1,8$171263199 
1029563014122 [1,3777875592 | 42| 1,8437905523 
1,0446706634 | 23 |1,3980050019]43| 1,8708460509 
1,06 24 \r,4185191122 | 44] 1,8982985583; 
10785542769 | 25 439234243545 1,9261533989 
[1,0913367949 | 26 1,4604548 27 45 1,9544798 53 
1,1073 3227 1,48 188 53020 47 1,9830968 140 
$| 1,1236 28 1, 5036302590 45 | 2,0121964718 
9 1,1406375335 | 29 132469439791 47 2,0417231330 
10| 1,1568 170026 39. |[1,5480821017 | $0 | 2,07168 30644 
11 1173797957431 15707984203 51 2,1020826228 
126 1,191016 32 15938480745 522, 1329282601 
1311.2 084927856133 617235955733 2,1642265211 
144262260228 34 1,6409670276 54 2,9598 404834 
15 1,2442194748 | 35 [6650463253 55 2.228207 5801 
16 1462476 36 6894789589 56 | 22609039557 
17 12810023527 37 1,7142701133 57 22940801123 
1812997995842 387394250493 59 [2,3277430912 
19 13188726433 39 |1,7649491048 | 592,36 19000349 
20 1338225577640 908476965 [60 12.3965581931 


— 
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I Either of theſe Tables may allo be made Uſeful for any pro- 
6 1 poſed Rate of Intereſt; by making the + or of the Difference 
und | ofthe Rate = x. &c. CE Fe 
As for Inſtance, Suppoſe any of the aforeſaid Queſtions about 
| 4mnuitics or Rents, &c, were to be compured at 8 per Cent. per 
) $231 WM 4nnum, : 
Then 1,08— 1,06 = 0,02 = x for Tearly Payments; as before, 
Conſequently 2) 0,02 (o, ot n x. for Half Yearly Payments. 
Or 4) 0,c2 (0,005 =#. for Quarterly Payments. 
Now theſe Values of x, although they are nor really true, 
jet they may ſerve indifferently well for ſmall Rents; as I have 
already (aid, page 265. But if you would work exactly, 
Then x 1,08 ;=1,0392394345 &c. | 
— ,s = 1, 295680141 wide Table Page 272. 


Difference = £,0096674704=x for + Nearly Pments. 
N n | And 


. — REA 0 8 * * vo — > 
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ö | | _ a — ; 
8 Algebꝛa. Part 1, 
And /: x 1,08 = 1,0194263092 &c. | 
— y/: y 1,06 =1,0146738461 See the Laſt Table, 


— —rn—_ — 


Their Difference 0,0047524631= x. for Quarterly Payments, 


Theſe are the true Values of x, which being Involved with 
their relpective Amounts (as before for Nears, &c.) according 2 
the Queſtion requires, the Riſult will be the 4n/wer at 8 per Cen. 
8&c, The like may be done for any other Rate, either Greate 
or Leſs than 6, Which being a little Conſidered of, will be 
found very eaſie in Practice. 15 

Thus far concerning ſuch Annuities or Leaſes, &c. that are 
Limited by any A ſſigned Time ; and 'tis only ſuch that can be 
computed by Theorems or certain Rules. However it may not 
perhaps be Unacceptable, to inſert a brief Account of ſome Eft. 
mates that have been Reaſonably made, by Twe very Ingenious 
Perſons, about the Preportion, or Difference of Mens Lives, ac. 
cording to their ſeveral Ages; which may be of good Uſe in 
computing the Values of Annuities, or taking of Leaſes fit 
Lzves, Vcc: | | EE | 

Sir William Petty in his Diſcourſe, made before the RI Socich 
(Anno 1674) concerning the Uſe of Duplicate P2opoztion, in 
the Life of Man and it's Duration; ſaith, That it's found by Ex- 

perience there are more Perſons Living of between 16 and 26 

Tears Old, than of any other Age or Decade of Years in the whole 
Life of Man (viz. 70 or $6 Tears). His Reaſon for that Aſſertim 
I ſhall omit ; but ſuppoſing it true, he thence infers, That the 
Roots of every Number of Mens Ages under 16 (whoſe Rot is 4) 
compared with the ſaid Number 4, doth ſhew the Proportion ol 
the Likely hood of ſuch Mens reaching the Age of 70 Years. 

As for Example, Tis 4 Times more likely, that One of 16 
Nears Old ſhould live to 70, than a New-born Babe: 'Tis 3 
Times more likely, that One of 9 Tears Old ſhould attain the 
Age of vo, than the ſaid Infant, ak. i" 

On the other hand, Tis 5 to 4, that One of 25 Tears Ol 
will Die before One of 16: And 6 to 5, that One of 30 
wil Die before One of 25. And ſo on according to the Roots on 
any other declining” ge, compared. with (4,6) rhe Root of 21 if 
which is the Tear of Perfection according to the Senſe of our Lan, 
and the Age for whoſe Life a Leaſe is moſt Valuabe, 


nn 


2. The Ingenious and Great Marl ematician, Captain Ermuni 
Halley, (In Philoſoph. Tranſa&t. Num. 196.) doth with great I 
aAuſti and S , draw an Eſtimate of the Proportion of Mo" 
; IL 1168 
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Lives, from the Monthly Tables of the Births and Funerals in 
Breſlaw, the Capital City of the Province of Sileſia ; Or, as the 
Germans call it, Schleſia. Whence he proves, that its 80 to 1 a 
Perſon of 25 Tears Old will not Die in a Dar: That tis 53 ro 1, 
That a Man of 40 will Live 7 Tears: That a Man of 30 Years 
0'd may reaſonably expect to Live 27 or 28 Nears, &c. 

Now from theſe and the like Proportions (he juſtly infers that) 


the Price of Inſurance upon Lives ought to be Regulated, there 


being a great Difference between the Life a Man of 20, and 
One of 50. For Example; Tis 100 to 1, that of a Man of 20 
Dies not in a Year, and but 38 tot, for a Man of 30 Years of 
Age, And upon theſe alſo depends the Valuation of Annuities for 
Lives : For it is plain, that the Purchaſer ought ro pay only ſuch 
a Part of the Value of any Annuity, as he bath Chances that he is 
Living, 

And for that Purpoſe he hath taken the Pains (which was not 4 
little) to compute the following Tae, that ſhews the Value of 
Annuities) for every Fifth Year of Age to the Joh. 


Age | Years Purchaſe | Age | Tear's Purchaſe] Age | Tears Purchaſe | 
= 10,23 25 12,27 50 941 | 

„ 20 1172 > BD 8,51 

| | 13,44 25 11,12 60 | 7,60 | 
I5 12.33: + 45 10,57 65 6,54 | 

4201 12,78 2331. 9,98 79 5,32 


The ſame Ingenious Gentleman proceeds on, and ſhews how 
to Eſtimate or find the Value of Two Lives, and then of Three 
Lives, which being tos long a Diſcourſe ro be recited here, 1 
have, for Brevities ſake, omitted it; and ſhall only add this 
ſerious Obſervation. 5 

Viz. How unjuſtly we Repine at the Shortneſs of our Lives, 
and think our ſelves wrong'd if we attain not to Old Age; 


whereas it appears, that the One Half of thoſe that are Fon, 
Die in Seventeen Years time. For by the aforeſaid Bills of Mor- 


ality at Breſlaw, it was found, that 1238 were in that Time re- 
duced to 616. So that inſtead of murmuring at what we call a 


ſhort Life, we ought to account ir as a great Blefling that we 


have Sur vi ved, perhaps by many Years, that Period of Life 
lag the one Halt of the whole Race of Mankind does nor 
rrive. | 
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Seck. 4. of Parchoſ ing Free-hold Or Real eat, 
at Compound Intereſs. 


All Free hold or Real Eſtates, are ſuppoſed to be Purchaſed of 
Bonghr to continue for Ever (viz. without any limited Time); 
Therefore the Buſineſs of computing the true Value of ſuc 
Eſtates, is grounded upon a Rank or Series of Geometrical Pr | 
portionals continually Decreaſing ad Infinitum. 

Thus, Let P, 4, R. Denote the ſame Data as in th 

ES . : 5 
laſt SeFion, Then the Series will be, N N X F 1 


and ſoon in ++ until the Laſt Term o. Then will 12 
(viz. P) be the Sum of all the Antecedents. And 2—5 
will be the Sum of all the Conſequents ; Therefore it wil 
be, u . 5 * — which produces PR —u =P, 
This Aquation ** theſe en e 


Theozem 1. ER P Theoꝛem 2 = * = 


Theozem 3.1— EF = 


Example. Suppoſe a Free-hold Eſtate b 15 l. Yearly Rent 7 
be Sold; what is it worth, allowing the Ber 6 per Cent. 
Compound Intereſt for his Money? 


In this Queſtion there is given u = . R=1,06 To find 5. 

Per Theorem 2. Thus R — 1 = 0,06) 75 =u (1250L =P, 

the Auſwer required. And ſo for any of the reſt as Occaſion : 

| quires. Bur if the Rent is to be paid, either by Quarterly, Or 
Half-Yearly Payments; 


Then R= I, os for Half-Yearh : | We 
And R = N:, os for Quarterly > Payments at 6 per cim. 
| "R=2 1,08 for Tearly - | | 
Or 4 8 7,08 for Half. Zearhj rene, at 8 per Cent. 
= v/:\/1,08 for Quarterly, | 
The = is to be underſtood for any other propoted Rate of 
Intereſt either Greater, Or Leſs than 6 per Cent. 


The Application of theſe Theorems to Practice, is fo ver) 
Eaſie, that it's needlels to inſert more Exemples, AN 
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INTRODUCTION 


Mathematicks. 


TA i - 


| 


— 


R A L 

=" Of Geometrical Definitions, 80. 

Se#. x, Of Lines and Angles. 

2 l. A hath no Parts: That is, a Geometrical Point is 


not any Quantity, but only an aſſignable Place in any 

Quantity denored by a Point * 4 " 
m” As at. £t and . 5 5 
ere d Such a Place may be conceived ſo infinitely Small, as to be void 
Gee Length, Breadth and Thickneſs; And therefore a Point way 
be 1aid to have no Parts, 


d. 2. A Line is called a Quantity of one Dimenſion, becauſe it 
, may have any ſuppoſed Length, but no Breadth nor Thickneſs, 
n n being made, or repreſented to the Eye, by the Motion of a 
0 Pont, SPE | 
That is, If the Point at 4 be Moved (upon the ſame 
Plain) to the Point at B, it will deſcribe a Line, either 
Cent, ¶ Right, or Circular, (viz. Crocked) according to its Motion, 
Therefore the Ends or. Limits of a Line are Points, 
Cent 3. A Right Line, is char Line which lyeth Even or Streight 
| berwixt thote Points that Limit its Length, being the ſhorteſt Line 
that can be drawn berween any 97 ; B 
ze Of Points. As the Line AB. 4 


Thereſore between any Two Points, there can lie, or be drawn, but 
ver) ne Right Line, 


A 


— 


— 
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4. A Circular, Crooked or Oblique Line, is that which 1; 
bending between thoſe Points which > | 


Limit its Length, as the Lines CD, | 
or FG, &c. | | C 

Of theſe kind of Lines there are 
warious Sorts ; but thoſe of the Circle, F {SY 
Parabola, Elli pſis, and Hyperbola are | 


of moſt general Uſe in Geometry; of which a particular 4; 
ſpall be given further on. | | 


5. Parallel Lines, are thoſe that 4 | 
lie equallly Diſtant from one another — 
in all their Parts, viz. ſuch Lines as — 9 


being Infmnirely extended (upon the Eat 
ſame Plain) will never meet; As the ” > 


Lines AB and ab, or C D and cd. 


rowards another, whether they are 
Right Lines, or Circular Lines, will 1s 
(if they are Extended) meet, and © 
make an Angle; the Point where 
they meet 1s called the Angular Point, 
As at 4. And according as ſuch 
Lines ſtand, nearer or further off 
each other, the Angle is ſaid to be 4 
Leſſer or Greater, whether the Lines 
that include the Angle be Long or 
Short. That is, the Lines Ad, 
And Af include the ſame Angle as AB, and AC doth; nov 
withſtanding that AB is Longer than Ad, &c. 


6. Lines not Parallel, by Jnclining (viz. Leanirg) on 


7. All Angles included between Right Lines, are callei 
Right-lin'd Angles ; and thoſe include d between Circular Lint 
are called Spherical Angles, But all Angles, whether Night- ut 
or Spherical, fall under one of theſe Three Denominations. 


A Night Angle. 
Viz 4An Obtuſe Angle. 
An Acute Angle. 


8. A Right Angle is chat which is included betwixt Tn 
Lines, and meet one another Perpendicular, 


That 


— 


hap. 1. Ot Definitions, &c. 


That is, When a Right- line | * | 
: DC, meets With another RE, 
Rip ht-line AS AB, fo directly 0 
that it neither Inclines nor De- 
e to one Side more than the 
her, but makes the Angles on | | 
oth Sides of it equal, as at x,x; 1 xl 3 
Then are thoſe Angles called C ii 
Right angles ; and the Lines ſo | | | 
«ring are ſaid to be Perpendicular to each other, f 
Thar is, AC and CB are Perpendicular to DC, as 
60% DC is to either or both of them. 


1 
g * 439 


4 . ouch 18 the Angle inclu- 


11 between the Lines AC and | 
3 | _ 


an 10. An Acute Angle is bat 4 * 
— which is Leſs than a Rig t Angle; | 
As the Angle included between the Lines C B and CD, 


Theſe Two Angles are generally called Dblique Angles. 
0 Sect. 2. Of a Circle, &c. 


3 Before a Circle and its Parts are Defined, it will be convenient 
to give a Brief Account of Superficies in general. 


1. ASunperficies or @nrface is the upper or very Out-ſide 
of any viſible Thing. Bur by Superficies in Geometry, is meant 
vol. only ſo much of the Out fide of any Thing as is Incloſed within 

a Line or Lines, according to the Form or Figure of the Thing 
deſigned 5 And it is produced or formed by the Motion of a Line, 
called WY as a Line is deſcribed by the Motion of a Point; thus: Suppole 


Line, the Line 4 B were equally Mo- 


iu 8 (uon the ſame Plain) to C O; — B 
Then will the Points at 4 and B = — 
deſcribe the Two Lines AC and C0 —— =D D 


BD; and by ſo doing they will | 
form land incloſe) the Superficies or Figwe ABC D, be- 
ing a Quantity of Two Dimenſions, viz. it hath Length and 
Thi breadth, but not Trickneſs, Conſequent!) the Bounds or Limits 
of a Superficies are Lines, | | 
- Note, 


That 


MEI re te ns 


Move about it; Then if the Point at B 


within a Circle to touch its Periphery, but from the Center only, 
9. e. 3.) | CEL 


286 Elements of 'Geometry. par) 
Note, The Superficies of any Figure is uſually called its Irea. 6 


Ci 

2 A Circle is a Plane Regular Figure, whoſe Area is bun n 
or limited by one continued Line, called the Circumferenc 
or Periphery of the Circle, which may be thus deſcribed oi 
drawn. hip 

Suppoſe a Right Line, as C B, to have one of jr; Ex 
tream Points, as C, lo fixt upon any 
Plain, as that the other Point at B may 


be Moved Round about, (upon the ſame of 
Plain) it will deſcribe a Line equally Di- the 
Wa 


ſtant in all it's Parts from the Point C, 
which will be the Circumferenc2 or Peri- 
bery of that Circle; the Point C will Ms ns the 
irs Center, and the contained Space will be it's rea, Ich 
the Right Line C B, by which the Circle is thus deſcribed, i 
called Radius. 


| ConſeAary. | Ch 
From hence tis Evident, That an infinite Number of Right Lins" 
may be drawn feom the Center of any Circle to touch it's Peripheyy, Ar 
which will be all equal to one another, becauſe they are all Radiuss, MO 
And with a little Conſideration it will be eaſie to conceive that th 
no more than Two equal Right Lines, can be drawn from any Point 


3. Equal Circles are thoſe which have equa! Radius; for. 
it's plain by the laſt Definition, that one and the lame Radius in 


(as CB) muſt ged. deſcribe equal Circles, how many loever I. 

they are. * 
4- The Diameter of a Circle, is D 

Twice it's Radius joyn'd into one Right C 

Line, as AB drawn through the oO, 

Center C, and ending at the Periphe= | 73 

on each Side. Thar is, the Diame= 4 — 


+ 


ter divides the Circle into Two equal 
Parts. 


5. A Hemicircle (viz. Half a Circle) is a Figure included I, 
between the Diameter, and Half the Periphery cut off by the 
Diameter; As ADB. © 


A 


— 


hap. r. Of Definitions, &c. 281 
ns A Quadꝛant is Half a Semicircle, viz, one Quarter of A 
Circle; and it's made by a Radius | 
4s D C) ſtanding Pe pendicular up- 
m the Diameter at the Center C, 
ing the Periphery of the Semicircle 
In the middle, as at D. Therefore a 
Quadrant, or half the Semicirele is the 


i Meaſure of a Right Angle. 


vl 7 A Chodd Line, or the Subtenſe 
| of an Arch, is any Right Line that cuts 


the Circle into Two unequal Parts, as the Line S G; and is al- 
ways Leſs than the Diameter, Ss | 
| 8. A Segment of a Crrele, is a Figure included betwixt 
the Chord and that Arch of the Periphery which is cut off by the 
/[Chd: And it may either be Greater, of Leſs than a Semicirole; 
WM bs the Figure S MG, or SO G. 5 | 
9. A Seco) is a Figure included between Two Radiuss of the 
Circle, and that Arch of its Periphery > 
where they touch, as the Figure AC B, S 
And the Arch AB is the Meaſure 
of the Angle at C, included betwixt 
{the Radiuss AC and BC. 


„ Note, All Angles of Sectors are called 

Ages at the Center of a Circle. | 7 
„ e. An Angle in the Segment of à Circle, is that which is 
1; MW included between Two Chirds that flow from one and the ſame 


er Punt in the Periphery, as at D, and meet with the Ends of 


another Chord Line, as at F and G. | 
That is, the Angles at D, at F, and at G, are called 
Angles at the Peripheiy, or Angles ſtanding on the Segment of a 


Circle, . 

; There are two kinds of Tridngles, viz. Plain and Spherical; bat 
I ſhall not give any Definition of the Spherical, becauſe they more 
immediately relate to Aſtronomy. f 
1. A Plain Triangle is a Figure whoſe Area is contained 

4 Wibin the Limits of coree Right Lines calied Sides, including 

ere Angies: And it may be Divided, and takes its Name ei- 
iber according to its Side: or Anglei. . 

A & or By 


Ws 8 363K» 70 
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1. By its Sides. 
2. An Cquitateral Triangle is that 


which hath all irs Three Sides equal, as 
the Figure ABC | 

That s, 4B= BC=AC. 
A 

3. An Jlolceles Triangle is that which 

bath nh Two of its Sides equal, as the Figure 
B DG. That is, BD—DG; but the T»:ird 
Si BG may be either Greater or Leſs, as 
Oceaſion requires. | 


4. A Scalenous Triangle 


is that which hath all its Tree | 7 
Sides unequal ; ſuch as the Figure 
HX. 


2. By its Angles. 


| 5. A Right-angled Triangle, is F. 
that which hath one Right Ange; 85 
That is, when Two of its Sides are a, 
Perpendicular to each other, as C 4 Ri 
is ſuppoſed to be to B 4, Therefore — | 
the Angle at A, is a Right Angle. 5 4 ca 


Per Defr. 8, Sect, 1. 

Note, The Longeſt Side of every Right ang led Triangle (as 30 

is called Hypotenuſe, and the Longeſt of the other Two Sides whid 

include the Right Angle (as B A) is called Baſe, The ThirdSil 
(as CA) is called Cathetus or Perpendicular, 


6. An Dbtuſe-aagled Triangle is that which hath on d 
irs Angles Obtuſe, and its called an Ambiyganium Triangle. Sud 
is the Thi:d Triangle HKM. 

7. An Actte-angled Triangle is that which hath all its 4 


Acute, and its Calicu an Oæygonium Triangle; Such are the Fi 
and Second Triangles ABC, and BDG. 


Note, At Triangles that have not a Right Angle, whether 
are Acute er Obtuſe, are, in General Terms, called Oblique Tri 


git 


8 — — G_—— 
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os, without any other Diſtinction, as before. And the Long«ft 
Side of every Oblique Triangle, is uſually cailed the Baſe ; the oiier 
Two are only called Sides, or Legs. | 


g. The Altitude, or Height of any 


Plain Triangle, is the Length of a Right h 
ie ler fall Perpendicular from any of 
+ Wits Aigle, upon the Side oppoſite to ED 


mat Angle from whence it fails; And 


may be either within, or without he 
Triangle, as Occaſion requires, being 
denoted by the two pricæ d Lines in the wo, 


Aunexed Triangles, 5 e * 
\ $2. 4. Of Four: Sided Figures, dc. 
A Dqttare, is a plain regular Figure, 
WW whole Area is Limited by Four equal Sides 1 


ill Perpendicular one to another. | har is. 4 

when AB =BC — C D=D A. ind | 

che Angles A, B, C, D are all e- | 
% Then it's uſually called a Geometri- = 
„ „ 
-M 2: 4 Rhombus or Diamond like 
gure, is that which hath Fur equal 
Sides, but no Right Angle. Thar is, 
a Rbombus is a Square moved out of its 
Right Poſition, as the Annexed Figure. -7 — 


N 3. A Rectangle, Or a Right-ang/ed Parallelogram (often 


called an Oblong, or Long Square) B | Ec” 
sa Figure that hath Four Right | ; 
angles, and its Two oppoſite Sides 


equal, viz. BC=HD and BH=CD. 7 — — 
4. ARhomboides, is an Co/igque-angled Parallelogram. 
That is, it is a Parallelggr am | | : 


„ed our of its Right Poſition, % mY 
aa like the Anne ved Figure, N „ 
5. The Alittyde or Height of any Ollique-angled Parallelo- 


gram, via. either of the Rhombus, or —— — 
RP -rpendicular from any Angle upon the : 8 


1 Rbomboides, is a Right Line let fall 
Side opprſite to that Angle; and it may 

either be within or without the Fgure. . * 

ins the prickd Lines in the annexed 


Pigure. 
1 
0 2 All 


| 
[ 
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6. All Four fided Figures, which 
differ from thoſe before mention d, 


Thar is, when they have neither 
Oppoſite Sides, nor Oppoſite Angles, _ 
equal; As the Figure A BCD. BL 


7. A Right Line drawn from any Angle in a Four ſided Figy; 
ro its oe Angle, is called a Diagonal Line, and will Dice 
the Area of the Figure into two Tiangles, being denoted by the 
prickd Line AC inthe laſt Figure. 


8. All Righr-lined Figures that have more than Four Side, 


are called Polygons, whether they be Regular, or Irregular 
9. A Regular Polygon, is rhar which hath all its Sid 
equal, ſtanding at equal Angles; and is nam'd according to the 
Number of us Sides (or Angles), That is, if it have Fit 
equal Sides, irs called a Pentagon; if Six equal Sides, its 


Called a Hexagon; if Sever, it is a Yeptagon ; it Eight, is an 


Oct gon, &c. 


Note, A Regular Polyg ons may be inſcribed in a Circle. Thi 
3s, their Angular Points, how many ſoever they have, will all ji 
touch tbe Circle's Periphery, 


10. An Irregular Polygon is thar F/gare which hath mary 
unequal Sides ſtanding at unequal Angles — i 
(like unto the Annexed Figure, or other- I 
wiſe); And of ſuch kind of Polygons | 
there are infinite Varieties ; bur they may 
all be Reduced to Regular Figures, by draw- 
ing Diagonal Lines in them, as ſhall be 
ſhewed tarther on. | 


Theſe are the moſt general and uſeful Definitions that concert 
Plain or Superficial Geometry. = e 
As for thoſe which relate to Solids, I thought it convenient i 
omit giving any Account of them in this Place, becauſe they would 
rather Puzz/e and 4muſe the Learner than Improve him; until be 
has gained a competent Knowledge in the moſt uſeful Theorems col. 
cerning Supe: ficies, for then thoſe. Definitions may be more ed) 
underſtood, and will help ro form a clearer Idea of their re. 
Rive Solids,than tis poſſible to conceive of them before, and there 
fore | have reſerved thoſe D-finitions until we come to the Filth 
FA ge, 


CI 
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Fe8. 5. Of ſuch Terms as are generally uſed in Geometry. 
| Wharſoever is propoſed in Geemetyy, will either be a Problem. 
/ ---; 8 

Both which Euclid includes in the general Term of Propoſition. 

A Pzoblem is chat which propſes ſomething to be done, and 
Relates more Immediately to Practical than Speculative Geometry); 
That is, its generally of ſuch a Nature, as to be perform'd by 
ſome known or common received Rules, without any regard had 
to their Inventions or Demonſtrations. 

A Theozem is when any common received Rule, or any New 
Propoſition is required to be Demonſtrated, that ſo it may from 
thencefor ward become a certain Rule ro be Relied upon in Pra- 
dic, when Occaſion requires it. And therefore ſeveral Rules 
are often called Theorems, by which Operations in Arithmetich, 
and Concluſions in Geometry are perform d. | 

Note, By Demoulration 7s underſtood the hig heſt Degree of 
Proof that human Reaſon is capable of attaining to, by a Train of 
Arguments, deduced or drawn from ſuch plain Axioms, and other 
de. evident Truths, as cannot be denied by any One that confiders 


. them, 


A Corollary, Or Conſectary, is ſome Conſequent Truth 
drawn, or gained from any D-monſtration. 5 

A Lemma is the Demonſtration of ſome Premiſs laid down, 
or propoled as a Preparative, to obviate and ſhorten the Proof of 
the Therem under Conſideration, _ 


A Scholium is a brief Commentary, or Obſervaticn made up- 
on lome precedent Diſcourſe. 


N. B. I adviſe the young Geometer to be very perfect in theſe De- 
funitions ; And that he may knew from whence moſt of the 
Problems and Theorems contain'd in the two follewing Chapters 
are collected; I have all along cited the Propoſition and Book of 
Euclid's Elements where they may be found. As for inſtance, 
a: Problem 1. there is (3. e. 1.) which ſhews that it is the 
Third Propefition in Euclid's firſt Book ; the like muſt be un- 
ſtood in the Theorems ; viz. not to reſt ſatisfied with a bare 
Remembrance of them, but that he endeavour to gain a clear 
Idea or Underſtanding ef the Things defined, And for that 

Reaſon I have been fuller in every Definition tian is uſual, 


* 
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| CHAP IL | 
The Firſt findiments, or Leading and Preparatm 


Problems in Plain Geometrp. | 

In order to perform the following Problems, the young Geometr 7 

oug he to be provided with a thin ſtreight Ruler, made either of By, _ 
or Box-wood ; and two Pair of very good Compaſſes, Viz. one Pajr * 

called Three Pointed Compaſſes, being very uſeful for drawing of Wl poi 

Figures or Schemes, either with black Lead or Ink, and one Pair In 
plain Compaſſes with very fine Points, to meaſure and ſet off Diſtan. 1 
ces ; alſo he ſhould have a very good Steel drawing Pen: And they ns 


he may proceed to the Work with this Caution ; That he ought u Ml © 
make himſelf Maſter of one Problem before he undertake the next, iy 
That is, he ought to underſtand the Deſign, and, as far as he can, the 
Reaſon of every Problem as well as how to do it, and then a litt Mi 70 
Practice will render them very Eaſie, they being all grounded up 
theſe following Poſtulates, © I 


Poſſtulates or Petitions. a 

1. That a Right Line may be drawn from any one given bim 4 

to another. N „ l 
e Right Line may be Produced, Increaſed, or made 
Longer from either of its Ends, EY 5 


3. That upon any given Point (or Center) and with any given 
Diſtance (viz, with any Radius) a Circle may be deſcribed, 


PROBLEM I. 


Two Rig't Lines being given; To find their Sum and 
1 Difference. (3. e. 1.) 


Let the given Lines be 115 9 e | 
Make the ſhorteſt Line as CB, | 5 , 
Radius, and with it deſcribe a 
Circle; From its Center C et 
off the other Line AC, and 
jom ACB with a Right Line. 
Then will AB = AC-+CB; 
and AD=AC CB; as 
was required, 5 
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PROBLEM II. 
To Biſect, or Divide a Right Line given (as AB) into Two 

Fry Bann Parr, (16 e. ©: : 

From both Ends of the- given Line (viz. A and B) 
with any Radius Greater than Half D. | 
is Length, deſcribe Two Arches, that £4 
may croſs each other in Two Points, 
as at D and F; Then jon thole 3 
Points D, F with a Right Line; 1 3 B 
And it will Fiſe# the Line A B ls Bp 
in the Middle at C; viz. it will 
make 4 = CB; as was re- 
quired. 1” 


PROBLEM II. hs 
To Biſe® a Right-lin'd Angle given, into Two equal Angles, 


409. . 1.) 
Upon the Angular Point, as at C, with any convenient Ra- 
dins, deſcribe an Arch as AB; SA 4 | 


And from thoſe Points A and B, 
ut WF deſcribe Two equal Arches croſſing 
each other, as at D. Then jon C: 

the Points C, and D, with a 

e Right Line, and it will biſe# the 
Arch AB, and conſequently the 
Age, as was required. ps 
PROBLEM IV. 
| At a Point 4, in a Right Line given AB, To make 4 
Ripht-li X Angle, equal to a Right-lind Angle given Ci 

(23, e. 1. | 

Upon the given Angle Point C 
deſcribe an Arch, as FD (making 

CD any Radius at pleaſure) and 
with the ſame Radius, deſcribe the 

like Arch upon the given Poine A, 

as fd. That is, make the Arch fd 
Equal to the Arch FD; Then jon 
the Points 4, and f with 4 Right 


Line, and ir will Form the Angle re- 
quired, 


N . = — 
- . 
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PROBLEM V. 
To draw a Right Line, as FD, parallel to 4 given Rib 
Line AB, that ſhall paſs through any aſſigned Point, as 4; I. 
viz. at any Diſtance required (31. e. 1.) : ] 
Take any convenient Point in the given Line, as at „ 
(the further off x the berter); 5 
make C x Radius, and with 


. 


_ * 


A. d. ** K 


it upon the Point C, deſcribe feng — 9 
a Semi. circle, as H Mx N. * © e 

Then make the Arch HM A————- Tn” 

equal to the 4rch x Njthrough 41 E N 


the Points M., and x. draw the Right Line FD, and i: 
will be parallel ro the Line AC, as was required, 


PROBLEM VI. 

To let fall a Perpendicular, as C x, upon 4 given Right Lin 
AB, Ar any aſſigned Point that is not in it, as from C, 
(12. e. 1. | LY 
Upon the given Point C, deſcribe ſuch an Arch of a Circ, 

as will croſs the given Line AB in | oc | 

Two Points, as at d, and f; Then 15 

biſect the Diſtance between thoſe Two Or 

Points d, f (per Prob. 2.) as at x. 5 8 : 

Draw the Right Line C x, and it „ 15 

will be the Perpendicular required. A — — 


- 
PT bs 


PROBLEM VI. 


To Erect or Raiſe a Perpendicular upon the End of any given 
Right _ as at B; Or upon any other Point aſſigned in it. 
(It. „ 1% | | | 
Upon any Point (taken at an Adventure) out of the given 

Line, as at C, deſcribe ſuch a OP e 

Circle, as will paſs through the FS 16 

Point from whence the Perpendicu- | . 

lar muſt be Raiſed, as at B (vg gz. E ol 

make CB Radius]; And from: : 5+}: 

the Point where the Circle cuts the of 185 

given Line, as at A, draw the Cir 1 —3 

cles Diameter A C D. Then | een, 

from the Point D, draw. the Right Line DB, and it wil 7 

be the Perpendicular as was required, 


PRO- 
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PROBLEM VII. 


Divide any given Right Line, as 4 B, into any propoſed 
Number of Equal Parts (10.e:6,) | 


and B, make Two equal 
les (by Prob, 4.) continuing 
their Sides AD, and BC 

o amy ſufficient Length; Then 
pon thoſe Sides, beginning at 

he Points A, and B, ſet 
f the propoſed Number of 
qual Parts (ſuppoſe them 5.) 
If Right Lines be drawn (croſs 

e given Line) from one Point 
the other, as in the Annexed | 5 £2 | 
Foure, thoſe Lines will Divide the given Line A B into the 
Number of equal Parts required, 1 


PROBLEM IX. 
Þ: deſcribe a Circle that ſhall paſs (or cut) through any Three 


Points given, not lying in a Right Line, as the Points 
A, B, D. | 


ſet both thoſe Lines (per Problem 2.) 

he Point where the biſecting Lines 
heet, as at C, will be the Center of 
e Circle required. | 


The Work of this Problem being well 
nderſtood, it will be Eaſie to perform 
e Two following; without any Scheme. 


D. i. Ts find the Center of any Circle given, (I. e. 3.) | 
y the Laſt Prob. 'tis plain, that if Three Points be any where 


iken in the given Circle's Periphery, as at 4, B, D, the 


enter of that Circle may be found as before. 


37 . Segment of any Circle be given ; To compleat or deſcribe | 


11 the whole Cirole. 
K This may be done by raking any Three Points in the given 
dene s Arch, and then proceed as before. 
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fr the Extream Points (or Ends) of the given Line, as at 


Jojn the Points B 4, and B D with Right Lines, then 


— — — 
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PROBLEM x. 


Upon a Right Line given, as A B; To deſcribe an Equilwnyi 

| Triangle (I. e. 1.) 

Make the given Line Ridius, and 50 

with it, upon each of its Extream e 
Points, or Ends, as at 4, and B, 
delcribe an Arch, viz, AC, and BC. 
Then joyn the Points AC, and BC 
with Right Lines, and they will make 
the Triangle required. 41 


PROBLEM XL 


Three Right Lines being given; To form them into 4 Triangle, 
(provided any Two of them taken together be Longer than ji 
Therd;-(233 61.) 7 

. e, 


Let the given Lines be 


Make either of the ſhorter 

Lines, as AC, Raaus, 
and upon either End of the 
Longeſt Line, as at A, de- 2 

ſcribe an Arch; then make | rr ] 
the other Line C B Radius, and upon the other End of the 
Longeſt Side, as at B, deſcribe another Arch to croſs the Fir 

Arch, as at C; Join the Points C A, and CB with Right 
Lines, and they will form the Triangle required, 


Py cw an Mo. aaco 


| | W 
| PROBLEM XII. I 
4 Upon a given Right Line, as A B, To form a Square, (46. e. 
in Upon one end of the given Line, as at B. Ered the H C 
1 pendicular BD, equal in Length N th 
il with the given Line, wiz, make of ar 
1 BO S A that being done, make DOM 7 
* rhe given Line Radius, and upon the N , th 
i Points A, and D, deſcribe equal 8 % an 
ij Arches to croſs each other, as at C; 5 £ (a 
il | Then joyn the Points CA, and CD 2, : 
1 with Right Lines, and they will form 4 8 1 4 
| — ** 0 


the $quare tequired, 


— 
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PROBLEM XIII. 


Ivo unequal Right Lines being given; To form or make of th:m 


a Right angled Parallelogram. 


Ler the given Lines be —— B 
Upon one End of the Long- . 
eſt Line, as at B, Eret a © D OP FW 0. - 


Perqendicular, of the ſame 
Length with the ſhorteſt Line 4+:- 
BC; Then from the Point C 1 Jy 
draw a Line Parallel, and of 


the ſame Length to 4 B, viz. make DC=AB. bn D 4 


with a Right Line, and it will form che Oblong or Parallelogram 
required, | | 


As for Rhombus's, and Rhomboides, to wit, Oblique-angled 
Parallelograms, they are made or deſcribed after the ſame man- 
ner with the T'wo laſt Figures ; only inſtead of EreCting the 
Perpendiculars, you muſt ſet off their given Angles, and then 
proceed to draw their Sides Parallel, Sc. As before. 


PROBLEM XIV. 


In any given Circle, To Inſeribe or make a Triangle, whoſe Angles 


ſhall be equal to the Angles of a given Triangle, as the Triangle 
FD G, (2,6. 4.) | | 


Note, Any Right-lin'd Figure is ſaid to be Inſeribed in a Circle, 


wen all the Angular Points of that Figure do juſt touch the Circles 


Periphery. 


Draw any Right Line (as HK) fo as juſt ro touch the 


Circle, as at A ; Then make 
the Angle KAC equal to „ 1 
any one Angle of the given D ME 9 we 
Triangle (as DFK); And 7 
the Angle HAB equal to [> . 
another Angle of the Triangle 5 


(as DG F); Then will the 
Angle BAC be equal to | 
the Angle FDG. Joyn the F B 
Pants B and C with a 
Right Line, and it will form the. Yang le required, 
Pp; PRO: 
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In any given Triangle, as A B D, To deſcribe a Circle that ſu 


the Triangle, 


Fiel, As D 4, and EB, at 


——w'S 


1 


7 


PROBLEM XV. 


touch all its Sides. (4. e. 4.) 
Biſect any Two Angles of the 
Triangle, as A4 and B, where 
the biſecting Lines meet, as at C, 
will be the Center of the Circle re- 
quired; and its Radius will be the 
neareſt Diſtance to the Sides of 


PROBLEM XVI. 
Jo deſcribe a Circle about any given Triangle. (5, e. 4.) 


This Problem is perform'd in all Reſpects like the th vj 
by Biſecting any iwo Sides of the given Triangle; the Poin 
where thoſe biſecting Lines meet, will be the Center of thy 
Circle required. . | 


PROBLEM XVII. 
To deſcribe a Square about any given Circle, (J. e. 4) 
Draw Two Diameters in the given 


2 


Right Angles in the Center C; And 
with the Circles Radius C A, deſcribe 
from the Extream Points of the Dia- 
meters A, B, D, E, Croſs Ar- 
ches, as at F, G, H, K; Then 
joyn thoſe Points where the Arches 5 
Craſs, with Right Lines, and they 77 
will form the Square required. 3 


PROBLEM XVIII 


in any given Circle, To deſcribe the Largeſt Square it can (il 
: tain. (6. e. 4.) | 


Having drawn the Diameters, as D 4, and EB, 5 
ſecting each other at Right Angles in the Center C, (As in tk 
Laſt Scheme;) Then joyn the Points A, B, D, and E Wi 
Kigbt Lines, viz. AB, B D, D E, E A, and chey will be 
the Sides of ghe Square required, 5 


PRO 


al 


SP 


and CD, If a Right Line be drawn 
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PROBLEM XIX. 


Upm any given Right Line, as AB, To deſcribe a Regular 


Pentagon or Five Sided Polygon. 


Make the given Line Radius, and upon each End of it, de- 
ſcribe a Cirele, and through thoſe | 
points where the Circles croſs each 
other, as at G, x, draw the 
Right Line G e x upon the 
Point C, With the ſame Radius 22 
deſcribe the Arch HA e B DO. © 
Then lay a Ruler upon the Points - 

De, and mark where it croſſes the 
other Circle, as at F. Again, 
lay the Ruler upon the Points H e, 1 WS ; 
and mark where it croſſes the other Hee og 
Circle, as at C. Then from the | | G 
Points F and C (with the ſame Radius. as before) deſcribe 
croſs Arches, as at K. Joyn the Points AF, FK, KC, 
and C 1 with Right Lines, and they will form the Pentagon 
required, 5 9 . : 
Vs AF=FR=KC=CB=AB. And the Angles 
a, J, B, C, X, F will be equal. 3 


PROBLEM XX. 


In am given Circle, To deſcribe a Regular Pentagon. 11.6. 4˙ 
and 10. e. 3.) | 
Or, in general Terms, to deſcribe any Regular Polygon in a Cirole. 


**g uns““ 


- 
5 
, 

, 


Draw the Circles Diameter D 4, and divide it into fa 
many equal Parts, as the propoſed e 
Polygon hath Number of Sides; Then 8 
make the whole Diameter a Radius, N 
and deſcribe the Two Arches CA, 


from the Point C, through the Se- 
cond of thoſe equal Parts in the Dia- 
meter, as at 2, it will aſſign a 
ont in the oppoſite Semicircle's Peri- 
ber, as at B. Joyn D B with a 
Right Line; and it will be the ttue 
vide of the Pentagon required, | 
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Theſe Twenty Problems are ſufficient ro Exerciſe the you 
Practitioner, and bring his Hand to the right Management 0 
a Ruler and Compaſſes, wherein I would adviſe him to be ver 
Ready and Exact, > | 2s 
As to the Reaſon why ſuch Lines muſt be ſo drawn, as die 
ted at each Problem; That, I preſume, will fully and clearh 
appear from the following Theorems ; and therefore I have (% 
Brevities ſake) omitted giving any Demonſtrations of them inthi 
Chapter, deſiring the Learner to be ſatisfied with the bare Knoy. 
ledge of doing them only. until he hath fully conſidered ie 
Contents of the next Chapter ; and then I doubr nor bur all yil 


appear very Plain and Eafte. 
CWC a 
A Collection of moſt uſeful Theozems in plain Gemey 10 
Demonſtrated. „ 
ſa 


Note, In order to ſhorten ſeveral of the following Demonſtration, 4 
it will be neceſſary to premiſe, That 


1. The Periphery (or Circumference) of every Circle (whetly F 
Great or Small) is ſuppoſed to be Divided into 360 equal Parts, i 
called Degrees; And every one of thoſe Degrees are Divided int Ml © 
60 equal Parts called Minutes, &c, . 


2. All Angles are Meaſured by the Arch of a Circle deſcribed u- ; 

on the Anzular Point (ſee Defi. 9, Page 281.) and are eſteemed 

Greater or Leſs, according to the Number of Degrees contained it 
that Arch. 


3. A Quadrant or Quarter Part of any Circle, is always 9 
Degrees, being the Meaſure of a Right Angle (De fi. 6. Page 281 
And a Semi- circle is = 180 Degrees, being the Meaſure of Ti 
Right Angles, 


a. Equal Arches of a Circle; Or of Equal Circles, Meant 
Equal Angles, | 


To thoſe Five general Axioms, already laid down in Page 146 
(which T here ſuppoſe the Reader to be very well acquainted with) 
it will be convenient to underſtand theſe following, which begn 
their Number where the other ended. : 


 Axions: 
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6. Every whole Thing is Greater than irs Part. 
That is, the whole Line 4 B 5 3 : Es 5 


eater than its Part Ac &c, 
The ſame is to be underſtood of Superficies and Solids. 


J. Every Whole is Equal to all its Parts taken rogether, 
hat is, the whole Line AB is Ty > 3 | 
c 


wits Parts AC + 6d de e B. 


The lame is alſo True in Superficies and Solids, 


— —|—B 


4 e 


$8, Thoſe Things which being Laid one upon another, do 
agree Or meet in all their Parts, are equal one to the other. 


But the Converſe of this Axiom; ro wit, that equal things be- 
ing laid one upon the other will meer, is only ye in Lines and 
Angles, but not in Super ficies, unleſs they be alike, viz, of the 
ame Figure or Form; As ſor Inſtance, a Circle may be Equal in 
"8 4r:« to a Square; but if they are Laid one upon the other, tis 
plain they cannot meet in all their Parts, becauſe they are unlike 
Figures. Alſo a Parallelegram, and a Triangle may be Equal 
in their Area's one to another; and both of them may be Equal 
to a Square; bur if they are Laid one upon the other, they will 
not meet in all their Paras, &c. e 


Note, Beſides the Characters already explained in Part 1. And 
in other places of this Tract, theſe following are Added. 


Viz, £ denotes an Angle in general, and Z. J fignifies 
Angles; A ſignifies a Triangle; Th ſignifies a Square; and 
N denotes a Paralleſogram. And when an Angle is Denoted 
by any Three Letters (as ABC, &c.) the middle Lecter 
(As B) always Denotes the Angular Point; and the other 
Two Letters (As AB, and BC) Denote the Lines, or Sides 
of a Triavgle which include that Angle, 1 

Theſe things being premiſed, the young Geometer may proceed 
to the Demonſtrations of the following Tocorems: wherein he 
may perceive an abſolute Neceſſity of being well verſed in ſe- 
veral things that have been already delivered: And alſo ir will 
be very advantagious to ſtore up ſeveral ufeful Corollaries, and 
| Lemma's as they become diſcovered Truths; For it often hap- 

pens, that a Propoſition cannot be clearly Demonſtrated a pziozi, 
or of it Self, without a great deal of Trouble. Therefore it will 
be Uſeful to have Recourſe ts thoſe Irut hi that may be aſſiſting in 
the Demonſtration then in hand, | 

| ; IHE O- 
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THEOREM I. 
If 4 Right Line ſtand upon (or meet with) another Right Lin, 
Fa A Angles with it, they will either be Two Right 470 
or Two Angles equal to Two Right Angles. (13. e. 1. 


Demonſtracton. 

Suppoſe the Lines to be 4B and DC, meeting in de 
Point at C; upon C deſcribe 
any Circle ar pleaſure, Then will 
the Arch 4 D be the Mez/ure of 

the J. b, and the Arch DC © 
the Meaſure of the £ e; but the 
Arches 4D + DB = 1805, 
Viz. they complear the Semicirole. C — 
Conſequenth, the £ b Leise. Which was to be proved, 


Corollaries. 


1. Hence it follows, that if the Z. b — ge*. then Le 900 
but if £ be Obtuſe, then the 4 e will be Acute, Gc. 


From hence it will be eaſie to Conceive, that if ſeveral Rigi 
Lines ſtand upon, or meer with any Right Line, at one and the 
ſame Point, all the Angles taken together will be = 1809, vi; 
Two Right Angles. | | 


Pe THEOREM II 
F Two Right Angles Interſect (viz. cut or croſs) each other, tht 
| Two oppoſite Angles will be Equal, ( 15, e. 1.) 


Demonſtration. 


Let the Two Lines be AB, 
and DE, Interſecting each o- 
2 the Center C. 

Ihen C Legi N 
And 1 7 Laſt. 
Conſequently £ Le = b Tela 
per Axiom 5, | | 
Subſtrat J on both Sides of 
the Aquarim;z and it will 
leave” . 


Again b + Le = 18c9. as before; and Z. eL C= dos 


Conſequently E e . C=Zb + Le Subſtran Le and 


Coral) 


— — 
— — U WAS — ENG CPN 
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Corollary. 


From hence it's Evident, that if Two Lines Interſect each 
ther, they will make Four Angles, which being taken r 
ill always be Equal to Four Right Angles. 


THEOREM III. 


f 4 Rig be Line cut (or crofs) Two Parallel Lines it will male 
1 Oppoſite Angles equal one to another. ( 29. e. 1.) 


Suppoſe the Two Lines 4 B, and HK to be Parallel, 
Wn i Right Line DG, to cur | 

them both at C and n. Op- 
on the Point C (with any Radius) : 
efcribe a Semzerrele, and with 1 


he ſame Ridius, upon the 3 
eint at n, deſcribe another 
enicircle oppoſite to the Firſt, "77 * 


s in the Figure. Then tis 
lain, and I ſuppoſe, very Eaſie 
0 conceive, that if the Cen- 
C were Moved along upon 
he Line D G, until it came to the center at u, the two Lines 
{B, and H K would meet and concur, viz, become one 
Line (for Parallel Lines are as ut were but one broad Line.) 

ti mſequently the Two Semicircles would allo meet, and be- 
tome one entire Circle, like to that in the laſt Demonſtration, 
And therefore rhe LY = Xx La Le as before, per 
And m 4 _ LEA Laſt Toe 


Q k. D. 


Corollary. 


Hence it follows, that if Three, Four, or never ſo many 
Palle Lines are cut or croſs d by one Right Line, all their op- 
ole Ang es will be Equal. 


THEOREM IV. 


e Torce Avgles of every plain Triangle, are Equal t to two Rigbe 
dee. ages. (32. 6.1.) 
and NConſequent hy any two Angles of any lain Triangle, muſt nee di be 
than two Right angles, (17 66-3.) 


ar) | Q q Demon. 
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| Demonſtration. 
Let the A ABC be pro oſed; draw the Right 1; 
Parallel to the Side A B, ju touch- N 5 Line Hi 
ing the Vertical Angle C; And up- RES , | 
on the ſame Angular Point C, de. H. bX24 : x 
ſcribe any Semzcircle, and produce | ( 
the Sides AC, and BC to its 
_- Periphery, Then will L b = g, 
| 2. 22 . A; and E = 
Per Laſt Theorem. | 
Bur LU T- 4 +£ x = 180%. or Two Right 4k. 
1 47 nd LC B+ LAS LC=180., Per 4 


4 
„ 
* 4 


Corollary, 
Hence it follows, that the Two Acute Angles of every Right 
angled Triangle, are Equal to a Right Angle or 900. 
Conſequently, if one of the Acute Angles be given, the other 
is alſo given; vi. 900 — the given C. leaves the other L. 


THEOREM V. 
If one Side of any plain Triangle, be continued or produced benni 
or out of the Triangle; the outward Angle will alway: be Eq 
to the Two inward Oppi ſite Angles. (31. 6. 1. | 


Demonſſ ration. | 


' Ler the Side 4B of the A ABC be produced out off! 
the A, ſuppole to D, &c. 
as in the Figure. Then 
{.$=4 A+ QC, forthe - 
£L-B +4 = 1809. Per 
Theorem 1. 1 i : F 
And the L B- L A — C= 1809. Per Taft. Therm 
Therefore ( B EC LB + 1 A+SLC. 85 Axiom; . 
Subſtratt B on both Sides the Equation, and it will lea n 
CI CAN LC. (Per Axiom 2.) Q. E. D. th 
Conſequently, the out;vard Angle (at ) of any plam Triangt, WR » 
muſt needs be greater than either of the inward oppoſite Any, b 
VIZ. „ r C. (165 6-1.) U 


: Corollary, | 

Hence it follows, That if One Angle of any plain Trio” 
be given, the Sum of the other Two Ang les is allo given, fit 
= Thx, 


1809 — the given £ == the other Two £ L. 
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THEO REM VI. 
In every plain Triangle, Equal Sides ſubtend (viz, are Oppoſite te) 


Equal Angles, 5. e. 1) 
Cmſequently, Equal Angles are Subtended by Equal Sides. (6. e. 1.) 


c 


Demonſtration. 


Suppoſe the ABC D to be an Iſoſce- 
6; ; That is, let B CCD. Bi- 
ect the Z. C, ox (which is all one) make 
CA Perpendicular to BD; then will 
the  £ on each Side of it, viz. 4- BAT. 
and 4 D AC be Right Angles. 

: 1 ARS. 0 5 
Theretore #3 84 - io 40 UPer Corol. o Theorem 4 
Conſequently 2 4 C +4 B=4L£ CJ. D. Per Axiom 5. 
Subſtrat 3 L. C from both Sides of the Æquation, and it will 
e L. B<=£ B. Per Axiom 2. B. D. 
Corollary. 


From hence it follows, that the Three Angles of an Æquilateral 
Triangle, are Equal one to another. 1 
THEOREM VII. 
I every plain Triangle, the longeſt Side ſubtends the greateſt 
Angle. (18. e. 1.) 
Conſequently, the greateſt Angle of any plain Triangle, is ſubten- 
ded by the longeſt Side. | 


his Theorem is evident by Inſpection only; For let one of 
the Sides of any plain Triangle, as CB. 885 8 
ng be produced, ſuppoſe to E; joyn D E 
"oy with a Right Line; Then tis evident, 
eie that becauſe CE is now made longer 
than the Side BC, therefore the I at . —D 
"WMD zs become Larger than it was before 
b the LB DE; and it's plain, the 


Longer the Side C E had been made. 
the 4. at D would have been the E 
e were enlarged. E 


Q. 2 THE O- 


he 2 — —— 
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THEOREM VIIL 


Tf the Sides of Two Triangles are Equal, the Angles Oppoſite y 
fond; 550 equal Side will be Equal (8: TY 

The Truth of this Theorem is evident by the Two include 
Triangles in the 6th Theorem, for they bave their reſpeCtive Side 
Equal, viz. BC cb, BA=D 4, and C4 common y 
both A. And it is there proved, That rhe C oppoſite ty 
thoſe Equal Sides, are Equal, Gc. which needs no further Pf 


Note, The Converſe of this Theorem holds not true; for the 4y- 
gles of two Triangles may be equal, and their oppoſite or ſubtendng 
Sides unequal, as will appear at Theorem 12, 


Corollary. 


Hence it follows, That AA mutually Equilateral, are allo 
mutually Equiangular, And | 

That AA mutually Equilateral, are Equal one to ancther 
(4, and 26, e. 1.) 3 3 8 


THEOREM > ED 

An Angle at the Center of any Circle, is always double to the Auge 
at the Periphery, when both the Angles ſt and upon the ſame Ai) 
(20. e. 3.) Tyis Theorem hath three Varieties or Caſes, 


Demonſtration. 

Caſe 1, Let the Diameter D 4, and 
the Line DB, be the Two Lines 
which form the Lat the Periphery ; 


Draw the Radius BC, then is L BCA 7 5 
the Lat the Center. Re, 5 . 


Bur Z BCA=Z DEL B. Per Theor. 

And becauſe DC BCN, there- 

fore L D = L/. B. Per Theorem 6. 2g P 
oed (!!!!!! ðòͥ 


Caſe 2. Suppoſe the ABC F at 
the Center, to be within the C B DF | 
ar the Periphery (as in the Annexed __* 8 
Figure.) Draw the Diameter D 4, D: 
Then the BCA=2 / BDAY) 7, - 

And the 2_ FALL FD Ne Caſe | | 
Add thele rwo Æuations togerher eee | 


Up. 3. Of Theowms. or 
Then will -BCAFZ2.FCA==2 BOA JL FDA per Axio, 1. 
C6́—1 AFC = ASCE... | a 
ind 2 L BOA ＋E ZL FD AS 2 LBO F. 

onſequently L. BCOF=2 4 BDF 


Caſe 3. Again, ſuppoſe the ZB C F ene, 

t the Center, to be out of the BDE * * 
at the Periphery. From the Angular 
„ D at the Periphery, draw the 
biameter D A. {as 

Then LFCA=24-F, | | 

ey S 720.4 U per cat 1 
ulſerakt this Laſt Æquation from the 
ther, and it will Leave 5 | 
KA- J. BCA=24L EDA 2 J. BDA Per Axiom 2. 
But 4 NA . BCA L FCB. And 2 FDA—2 (3D A 
1 FOB, Conſequently 4 FCB=2 4 FDB. Q. E. D. 


Corollary. | 


Hence it's evident, That all Angles at the Periphery, which 
ſtand on the ſame Segment or Arch of a Circle, or upon equal 
irehes, are equal one to another. (21, e. 3.) 


THEOREM X. 


An Angle in a Semi-circle, is a Right Angle. (31. e. 3.) 
That is, if the Diameter of any Circle be the Side of a Triangle, 
and the Angle oppoſite to that Side, be any where in the Circles Pe. 
Jule, it will be a right Angle. 


Demonſtration, 


Let DA be the Diameter, and 
DB4-the A, then L. B = 90% 
Draw the Radius BC, then 1s the 
DBA = D +4 4. 

For LCBD L and ACBA=LA 
Per Theorem 6. | h | 
Therefore J. DBA=4CBD-+ 7. CBA. Per Axiom 53 


[gain J. DB A＋ LD . A= 180% Per Theorem 4: 
Conſequently J D B 4 = . ora Right Angle, QE. D. 


C rol- 
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Corollaries. 


1. Hence it will be eaſie to conceive, that an Angle made j 
any Segment leſs than a Semi- circle, will be Obtuſe or Great 
than a Right Angle. | 9 le 
2. And an Angle made in any Segment greater than a gemi 

circle, muſt conſequently be Acute. 5 


THEOREM XI 1. 

In any Right Angled Triangle, the Square which is made of tle... 

Hypotenuſe, or Side ſubtending the Right Angle, is equal to but E 
the Squares which are made of the Sides including the Right 


Angle, (47. e. 1.) | 


There are ſeveral ways of demonſtrating this Noble and 


_ Ufeful Theorem; but I preſume none more eaſie to be under- * 
ſtood by a Learner, than that which I ſhall here propoſe ; Andin 7 
order thereto, it will be requiſite to wel the following | 
Lemma. | x 

. Lemma r. 5 


A Right Line is ſaid to be Multiplied with a Right Li WM? 
when either a Square, or other Right-angled Parallelogram ù NU 
made of the Two Lines, | 8 

That is, the Area of any Rright-angled Parallelogram, is equal 
to the Product of thoſe Numbers which expreſs the Megſure of 
its Sides. 

Thus, if AB = 6 Inches, &c. 
And 4C=3 Inches 2 6 B 
Then FR x AC= 5x3 = 18 | | 
Square Inches, which is the Area of 3 „ 
the Parallelogram ABC D. 


Lemma 2. 


If a Right Line be any wiſe cut into Two Parts, the Squirt 
of the whole Line will be equal to the Squares of each Part, 
78 a 32 Rectangle or Pazallelogram made of both the Pam 
4. E. 2. | 5 

That is, if the Line 5, be cut into the 
Two Parts B and C. Then is $S=B4-C 6 


but if both the Sides of the Equation be. © | 
Involved, it will be S$.=BB + 2BC-+CC 
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Lemma 3. 
The Area of every Right-angled Triangle, 1s half the Paral- 
e eram made of its Baſe and Perpendicular. n 
a For BC = the Area of the whole Pa- 33 | 
allelogram, by the Firſt Lemma, And E 0 | 
ABCH+A beH = the Parallelogram; 
But B= b, and C=c. eee 


ni. 


Theſe things being premiſed, let us ſuppoſe, the Triangle 
BCH to be a Right-angled Triangle, Viz. the Side C per- 
pendicular to the Side B. Then will BB + CC = HH. 


Demonſtracion. 
Make a Square whoſe Sidd e 4 
1 =B + C, and draw the hel . E 


* 
« ® 
FS. 
* 


included Square whole Side * 5 


oth 


18 6 . « . A OT 
A H, as in the Scheme, * | 3 


Then will the Area of the greae Al | 
Square, be equal to the Area 3 0 
of the Four Triangles + HH,. „ : 
but the 4rea of each A ABT L % : Cl cc: 
fer Lemma 3. Therefore :., 6 
— U ]] 
| Conſequently, the Area of the ; 
Feat Square is H H + 2BC. : 
i Wl imolve 5 4 C, Fo will. 5 wa 
be BB ＋ 2BC + CC = the 5 
drea of the great Square. Per 
Lemma 3 | | Fr 
Cmſequently HH ＋ 2BC:—= BB - 2BC + CC. Per Axiom 5, 
Subſtract 2BC from both Sides of the /£quation, and there will 
Remain HH = BB | CC. 


To Illuſtrate this Theorem by Numbers; Let us 
7 uppole  C=3; B= 4. and H— 5; 
ee will CC=9 - 552816. and | HH= 25. 
WW Conſequently, BB + CC = HH 16 + 9= 25. 


Conſectary. 
From this admirable Thecrem (ſaid to be firſt invented by 
P;thagoras) is deduced the Merhod of Ading, and Snbſtratting 
Juares, Parallelograms, Circles, &c. | 


EL EEE %% EEE „6 


T H E- 


7 


Therefore 2 BC = the Area of each A viz. 4BC + Abe = BC 


996 — WIR 
—————— 
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n >. 2 J — 
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THEOREM XIII. 


In any 19 Triangle, a af page! being let fall fo 
the Right Angle upon the Hypot enuſe, will divide the Triamll 
into Two Right-angled Triangles, which will be both Simily 
ali le to the firſt Triangle, and to each other, (8. e. .) 


Note, All plain Triangles are ſaid to be Similar, viz a 
when each Single Angle in one of the Triangles, is equal ty 1 
Single Angle of the other ; but if any Two Single Angles of gt 
| Triangle, are equal to Two Single Angles of the other; the this 
Angles will be equal, Per Theorem 4. 


1. In the Righr-angled A BAC, 
Let AP be ſuppoſed Perpmndi- 
eular to the Hypothenuſe BC, 
Then AFP. 

For 4. BAE . B = 90% 

And J. B + C= 909, Per 

Corollary to Theorem 4, 49 | # 
Therefore L BAP = VC. Per Axiom 5, 


Again, 4 PAC EC , and 4 B = 900 
Therefore . PAC= V B, &c. Confequently the A B4p; 

is alike ro the AAC P; And each is alike to the whole 
ABAC, 


2. Or if a Right Line be drawn Parallel to one of the Side! 
of any plain Triangle (viz, with- 54 
in it) it will cut off a Triangle D 
Similar or alike ro the whole 
Triangle, Thus, 8 

In the AAB D, draw the | 
Right Line 4 b Parallel to the . 1 
Side AB; Then will the In- A : 
cluded A 4 D, be like the 5 
A ADB. For L a=7 A, and U LB. Per Theorem 
3. and Vis common to both the Triangles; Ergo, Oc. 


THEOREM XIII. 
If Two Triangles be alike, their like Sides will be Proportiond. 


Thar is, thoſe Sides which ſubtend the equal Angles, as allo 
thole Sides which are about the equal Ang/es, will be proportional 
to each other; And conſequent!y, if any Two Triangles have theit 
Sides Proportional, their Arges are equal, (4, 5, 6, 7. e. 6) 


De men 
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But the ABHA+ ACLA+ QQ H CLA ABB A 

+ACPA+ DAP EP. Now if from both Sides of this 

' WH £44410 there be ſubſtracted the equal A A, there will 
remain = HGLA=nAPEP. | 


— > ry 


— — 
wm + IL ” 2 y 
„ ty, pens” rt 
r NT <: 
— ——— ne ner 


| Demonſtration. 
Let the Similar Triangles in the Scheme of the laſt Theorem, 
4 be here propos d again, | | | 1 
"W Then it will be BP: AP :: AP: CP. According to ll 
this Theorem. Ergo BP XCP= AP x AP. Ns | 
| Demonſtration, i | | [1 
Let us ſuppoſe the aforeſaid Right-Angled A BAC, cut 1! 
through the Perpendicalar AP, 7 | 
and there opcn'd until the 1 — 1 
Sides B A and C A becone i | 1] 
one Rig/t Line: Let the Sides : . 'Þ 
BP and C P be continu'd un- H. . .. 'p 1 
til they meet in E: then com- : e 1 
pet the Parallelograms by -: : . 
ning the Parallel Lines GLC, =: F Ihr + ii 
HNA, GHP, and LAP, as B< 1 1 ũöNK |] 
in the Figure. i || 
1 Then its evident, that the A B HAB P A, and the 11 
„40614. A CLA; alſo that the ABEC= A 36 C, 1 
I becauſe all their reſpective Sides are equal. 'l 


not 
2 — on Oe ER 1 


3 
4 
: 4 
\ fl 
LY 
1 
11 
| 
| 
i4 
® 1 
: 
} 


But / HG LAS BPV CP, and AEP APN AP. 1 
Conſequently B P: A P:: AP: CP. Which was to be 1 
provd, | BY 

Or otherwiſe, Thus. Ring 

Suproſe the A BACto rg St 1 

be fight: angled at 4. upon tlie . 9 5 e 

L Foint C with the Kad ius 8 1 8 1 

| . us 0 C | 19 11 
C4, deſcribe a Circle, and „ |; 
continue the Hypothenuſe B C 1 e ö fot 
to 2; join Z A and AD . | 1 

WI ith 7% Lines; then will „ 1 

ie AZ 4 D be like to the 8 9 1 

) AB 2 A. | | 3 


Mfr LDAB+LDAC=Sz 99*. By Onſtruction. 

And CZ AC +LDAC= 99%. Per Therrem 19. | 
Thoretore LDAB+ LDAC= LZAC + LDAC. Per Axioms, 
Salſtract LDA from both Sides of the Maqquatiun, and there 
Will — — 

1 | CC 


- * hs th kgs Wt S — 3 5 — * — 
7 — — ys = . * 822 2. — 8 — ® 
— „ — — LS” rs On: — — — 
K — I A E eo oe a on 
— — — — — — 


g 
| 
} 
' 


— owed — NEE Le ISAS — 
————— — - —— 2 — 


——— 


Per Theorem 6. And L B is common to both AA, © 
Conſequently A BAD, is like to A BZ A. 


Let the Sided B —þ 


nuſe CBC) and that Segment of the 
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Therefore LB DA=LBAZ., Per Theorem 4. 


Conſequently b b = hh—cc., 
C4 =e (Which gives the following Analy, 
Viz. b: HT:: - b. That is, BA:BZ::BD:BA 


5 Then bb + cc = þb Per They, I 


Corollaries, 


1. Hence it's evident, that in any Right-angled Triangle, 1 
Perpendicular being let fall from the right Angle upon the Hy 
pothennſe, will be a mean Proportional between the Segment of 
the Hypotkenuſe. That is, BP:PA::PA:PC 


2. The Baſe, (BA) is a mean 
Proportional between the Hypothe- 


Hypothenuſe next to the Baſe (viz. BP. 
That is, B C: BA:: B A: BP. 


3. The Cathetus, CAC) is a mean * 
Proportional between the Hypothe- 
nuſe CB O and that Segment of the Hypothenuſe next to the 

C : 


« 


Catheras (viz. PC.) That is, BC: AC: : AC: PC 
| Scholium. 


I have been more large upon this moſt excellent Theorem, in 
giving a double Demonſtration of it, becauſe it is ſo univerſally 
uſeful in all Parts of the Mathematicks : For the Buſinels of 
Trigonometry (both Plain and Spherica! ) wholly depends upon 
it; and thercfore one may truly ſay, that Afronomy, Dialing, 
Navigation, Surveying , Opticks, &c, depend upon a due Ap I 
plication of it. | | | 

And of its Uſe in Geometry Der Cartes takes pai ticular Notice, 
as you may find in Dr. Pell's Algebra, Page 65. whoſe Words 
arc the. | | | 

Des Cartes, in a Letter not yet printed, writes thus: In 
* ſearching the Solution of Geometrical Queſtions, I always 
© make Ule of Lines Parallel and Perpendicular, as much at 
*<© 18 poſſible, (ke means as many Lines as are uſeſul) and I con. 
* ſider no other Theorems but thete two, [the Sides of Hit 
Irianglſes rave like Propertica). And [in Reclangle Tricngh 


1 


— 


2 
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« the Square of the greateſt Side is equal to the Squares of the two 

ber Sides]. And 1 am not afraid to ſuppoſe many unknown 
« Quantitics, that I may reduce the propos'd Queſtion to ſuch 
«11. « Terms, as to depend on no other Theorems but theſe 
"two. 
0 This H thought convenient to inſert, that the young Learner 
BAI may ſce how the Great Des Cartes elicem'd theſe two Theo- 
D. , vis. the laſt, and Theorem 11. for in truth, all the prece- 

dent Theorems are only (as it were) Preparatives to theſe two. 


„ This laſt Theorem demonſtrates the Reaſon of the Method 
H. usd in finding out proportional Lines, as in the three following 


's of MW Problems. | | 
| - PROBLEM I. 


Tx right Lincs being given, to find a third Line in Proportion 
| to them, (I I. e. 6.) 


. oY 
: Let the two Lines be 7 D F | 


g - 3 2 Pa. — . 0 2 NN 
* 1 2 * 25 3 2 . 
wa , 2 * n 1 n 
* 7 „e v Haga m \ * _ I; — — * 
boyd E * oy FI >" Weg: EY 4 Works ts 1 e e ee hk 
. . — — - —_—— OE. 4 Pai 02g er — — — 5 
— _— . . _ my} e — — — 

- : 4 — L . — — 

— — - . 


. —— 


I — — 2 — 
— — ̃ — 

af 

4 


p >. ann. 4 _ — — — — 
= —— — — ” - 8 ——— —ů—ů— — — 
Y Fg — — ne ——— ů — — 2 — = — —. — — 
"4 — 2 r — 6 — you's = ” > — — — — 


— — 


b oi r 
8 c 2 Gr I — N 
8 — e . W 8 R — — 
1 * 2 9 — * 15 
2 1 — £ 
2 1 7 8 py 
3 ward wh 
— 
—— 
—— ho + 


N . 
P = 2 A r 
AI ˙ re Reel MISS Soo =X 
Ca - 4 


— SO E 
__ r 5 
331 * 
— — — —onyobs—————___ 


. an 
— 


— _ <> Dee 
= 7 © af 0 28 17 AVE Gn” — 7 3 


det the two given Lines at D x 

any Angle in the Point A, and &  _ 

the produce the Line . * N 3 
making BC = ADD; join 8 


the Points B D with a rigbBt B 15 
Line, and draw CF Parallel 1 I 
to B D; then will the AABD be like the & AC E. 


0 Therefore AB: BC(=AD)::AD:DF, which is the 


> - g ns - 
F OT n; — S- 
28 — 3 —— — 
by — r 
— — — 


7 
6 ti 
1 
| 
4 
1. 
go 2 
+ 


ä — — 
„ — 
T2 n 


— — — — = 
— — — — * * 
I . 2 > ro C 
. 
22 * - n — Sn. 2 
= A Wl & — 
— r , — 2 


7 third Proportional requir d. 
15 PROBLEM II. 


Io right Lines leing given, to find 4 mean proportional Line be- 
tween them, (13. e. 6.) | 


ict, 
rds | 

Let the given Lines be 1 —e F... ——. 40 
In ; | | | Be x 1 * 3 
495 Join the two given Lines into one, 25 1 1 
128 Vic, make B 6 B P Ao P bt and D EN . 2 
om. won E C, as Diameter, deſcribea B= =o 
% Fmcircle; then upon the Point ME - 


| , 32 the two Lines mect, x | 
le Liect a Perpendicular to touch the Circles Periphery, as P A, 
RT 2. and 


* ——— ᷣôà—ö—ʒ˙ ˙!]  OOT—e 33 


and it will be the mean. Proportional requir d, 


Paralieligram; then wilt A P be the Side of the Square, equi 


bo any Angle of a plain Triangle be biſſected (vit. divided int 
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. 


27 Vt DB Poa APitAHP: Of CC 
By this Problem, it is eaſy to conceive how to make a Sun 


equal to any given Parallel. gram, (14. e. 6.) 
For if B P be the Length, and PC the Breadtk of the giren 


in Area to that Parallelogram. 
[al PROBLEM III. 


Three Right Lines being given, to find a fourth proportional Line 


Suppoſe the three Lines 3 _ 


upon the longeſt Line AB, Set 

ff the next longeſt Line A D. 
viz. make DBD AR —AD. A 
Then upon the Point D, fet 
the other Line D C at any Angle, either right or oblique ; and 
draw the right Line A (, continuing it a ſuſficient Length ; 
make B F parallel to D C, and it will be the fourth Pro- 
tional requir d. That is, AD: DC: : AB: BF. 


THEOREM XIV. 


tio equal Angles) with a right Line, (viz. as C A is ſuppos 
to do the Angie BCD) it will cut the oppoſe Side (via. BD) 
in Proportion to the other two Sides of the Triangle, (3. e. 6.) 


Demonſtration. 


Produce the Side DC, until . 
CZ —CB; join the Points Z 8 
with a right Line, and draw the 
Line F C. parallel to B D. 
Then will ACZ E, be like 

to A D CA. 

For LZ ( F == l. D, and L 

is common to both A's, con- 
ſequently, Lz FC LCAD 
and FC = BA. | 
Tixrefore BA (FCO: BC (SZ C. : AD: CD. Qty 


IS 


— 
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THEOREM XV. 


o right Lines ( kowſoever draws) within a Circle, do cut cach 


OE er the Rectangle made of the Segments (or Parti) of the 
ren WY one Line, vill be equal to the Rectangle made of the Segments 
with ( Parts) of the other Line, (35. e. 3.) W 


That is, if two Lines as A B, and CD. do cut each other 
navy Point, as at æ; then will Ax x B D Xx Cx. 
Demonſtration, een, 
Join the Points A C, and B D 
with right Lines, Then will the 
Cx Abe like to the A B x D. 
For LB = LC, and LA= LD. 
der Corollary to Theorem 9, 
And LAxC = LB xD. Per Theor. 2. | 
Therefore it will be Ax: Dx::Cx:B x. Per Theorem 13. 
conſequently, Ax x B D* Xx (CX. QED. 


THEOREM XVI. 


mo right Lines are ſo drawn wit / in a Circle, as being conti- 
nd they will meet in a Point out of the Circle's Periphery, the 
Reftangle made of one whole Line, and its Part out of the Circle, 
will be equal to the Rectangle of the other whole Line, and its 
Part out of the Circle, (36, 37. e. 3.) 


kat is, if the Lines 4 C and 
Ds be continu'd unto the 
Point Z. 


Then will AZ CZ = DZ x BZ. A- 


Me, 


Demonſtration. 


Draw the Lines AB and CD; 
then will (CZ D be like to 
the ABZ A, for LA = LD, 
and C is common to both & A. Conſcquently 
ABZ LDCZ. Per Theorem 4. I 
Therefore AZ;BZ::DZ:CZ. Ergo, A CL DZ x BZ. 


THEOREM XVII. 
I from any Angle of a plain Triangle inſcrib d in a Circle, there 
be bes fall a Perpendicular upon the oppoſite Side; (as DP) 
Dt | 4 


ö 
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as that Perpendicular is in Proportion to one of the Sides jy 


ding the Angle, ſo is the other Side including the Aub! | 
Diameter of the Circle, YR "Se tot 


p Demonſtration. 

Let B CD be the proposd A. 
From the Lat D, draw the Dia- — 
meter D 4; the will LA LB, 
becauſe they both ſtand upon the ſame 
Arch D G and LD (CA 95”; Pet 
Theorem 10. Conſequently the 80 | 
LADC = LB DF. Pear Thwems,. tf 4 
Therefore A D C A is like to the e | 
AD» Z; and therefore 
DP: DB: DC: DA, Or, DP: DC:: DB: DA. QE. 


THEOREM XVII. 


I any Quadrangle (that is, a Trapexium) be inſcrib'd within « 
Circle; the Two oppoſite Angles taken together, are Equal to Tm 
right Angles, VIZ. 1807 (22. 43.) | hs 


That is, in the Quadrangle A B C D, the L.4 + LC 1807 
And the 'K B + L D — 189% | | | 


9 | wm —. > > =» 


Demonſtration, 


Draw the two Dizgonals A C, and 
BD; then will the LBDA— LBCA, 
and the LBDC=LBAC, Per G- 
rol. to Theorem 9. FE 
But LABC+ LBCA+ LBAC= 180. 5 
Per Theorem 4. 


And the LB DAT LB DCS LA DC 1 } 
*VVVVV Therefore the 


And by the ſame Way of Arcuine ! 4 85 
the BAD T LB C 5 5 180. f. B. be prov d, tl 


| THEOREM XIX. 
If in any Quadraugle inſcribd within a Circle, there be drum 
two Diagonals, as AC and B D, the Rectangle made of the m 


Diagonals, will be equal to hoth the Reno | 
ſite Sides of the Se Hts the Rectangles made of the offi 


Ihat is, ACX BD=ABXKCD +AD x Bc. 


Demonſtration 


»” — 


Mrz. Of Theozems. = . 


inc 


* Demonſtration. 
li 


Make the Arch DG = Arch BC, and from the Points 
6, draw the Line Af, and it 
in form the A Af D, like to the 
\ ABC For the Lf AD=LBAC 
cauſe the Arches D G, and B C are 
qual. £8 | 
Again, the LFDA= LB CA, be- 
ole they both Rand upon the Arch AB. 
cocquently, the LAf DS LA BC. 
i r Theorem 4. | 
herefore it will be 4 C: B C:: AD: Df. Per Theor, 13. 

4 E 5 
D. | * AC 25 f. 


Again, the AB Af, and A ACD, are alike. For LAB f = L 
ACD,and LBAf LCA D, becauſe the LfA DS LB AC. 
And the £C A f is common to both A,. Conlequently, 
SH =LADQ, 1 
Therefore A C: CD:: AB: Bf. Per Theorem 13. 
CDN AB ws | | 
2 . But Df + Bf=BD. 
Conſequently, BCX AD CD AB=BDxXAC 
QE. D. 


THEOREM XX. 


upon the fame Baſe, or upon equa! Baſes, and betniæt the [ame 
Parallels, are equal to one another; (35, and 36. e. 1.) 


That is, ADD les. 


af | Demonſitaticn. 


Becauſe AB=CD=ab, by Suppoſition ; thereſore 

Aa=Bb, for Ba is common to 

both. And becauſe. A C.=B P, F b 
„end the LA=LB, therefore the . 
„ACS AB Db; and if from . 
„bet A A there be tiken the AB x 4 2 

common to both, there will remain Fad 


' 

the Fader; . | wo 

ne Trapezinms AB X CS lr D COD 
or Axim 5. n 92 | 


9 
4 


All Paral elograus ( mſtet her rigli or oblique-angled) that ſtand 


CL] ² A MN ISAT; 


— 149 + 


6» — a et 
_ by 22 


DO 


N PP 
— 2 — * . * ” of 
= tits wo ot 2 4 = 


— A none, — — — — —— — 
Sn ergo. — 2 — 
— — 


— 
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| But Trapezium ABT C TAC D= QABCD; 200: 
And Trapexium abxD ＋ CY DS b CD, 
Conſequently, c ABCD = QabCD. Q. E.). 


Coroll ary. 


Hence it will be eaſy to conceive, that all Triangles which 
ſtand upon the ſame Baſe, or upon equal Baſes, and between 
the ſame Parallels (viz. having the ſame Height) are equal on 
to another, (37. and 38. e. 1.) : | 
For all Triangles are the Halves of their circumſcribing Pa. 
' rallelograms ; and therefore, if the Wholes be equal, their 
Halves will alſo be equal. 


THEOREM XXI. 
Parallclograms ¶ and conſequently Triangles) which have the ſam 


Height, have the ſame Proportion one to another, as their Baſe 
kave, (I. e. 6.) 


> wi 1 


Demonſtration. 


Draw AF Parallel to BG, and 4 c 
draw AB, CD, F Perpendiculars FF 
to them. SS 4%. 
Then will BD Xx AB== ABCD. | | „. 
And becauſe CD A B. therefore * 5 
77 
BD:DG::BDX AB: DG AB. | . 
And conſequently A ABD: CDG: : B D: D oo | 


8 . ——„ 


IHEOR E M--XXIL 


Like Triangles are in Duplicate Ratio to that of their Humolgu 
Sides, (19. Co 6.) 


That is, the Area's of like Triangles are in Proportion one b 
another, as are the Squares of their like Sides, 


Demonſtration. 


Suppoſe the ABCD 
and Ae d to be alike, 
and their like Sides to be 
thoſe mark d with the ſame 

Letters. eie eee ee 


— — 


— 


— — , : — r 
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et A and 4, be Perpendiculars to the two Baſes D and d. 


DA the Area of A BCD ü 
ind 74a = the Area of Abc 45 Per Kan 3. Page 3033 


N . i 4 4 ES &c. Per Theorem 13. 
Conſeq. 1 

| 3 92 | DA d A a | 

4X DA DDad a= D ddA Per Axiom 3. 

„ hence| 6 DD: dd: DA. da. And ſo for other Sides 
— — —— Q E. D. 


THEOREM XXIII. 


n every Obtuſe-angled Triangle, Cas BC D) the Square of the 

Side ſubtending the obtuſe Angle (as D) is greater than the 

ell Sees of the other two Sides (B and C') by a double Rectangle 

made of one of the Sides (as B) and the Segment or Part of 

that Side produc d, Cas a) until it meet with the Perpendicular 
() let fall upon it, (12. e. 2.) | | 


'W Thiti, DD=B B+CC+ 2Ba; 


Demonſtration. F 
Firſt II DDS PPA 2 Ba+BB 
And i2}C@O=PP+ag ; 
1 — 213 DD—(C=2 Ba+BB Ds 
1 + CC|14| DD=BB+CC+2 Ba - 


SAS N 


Corollary. 


Hence it's evident, that if the Sides of any Obtnſe-angled 
Triangle are given, the Segment (4) of the Side produc'd, or 
the Perpendicular (P) may be eaſily found. 


THEOREM XXIV. 


IF a Perpendicular Cas P) be let fall in any acute-angled Trian- 
| gle, (as BCD) the Square of either of the two Sides (as D 
is leſs than the Squares of the other Side, and that Side upon 
which the Perpendicular falls (viz. C and B) by a double Rec- 
angle made of the Side B, and that Segment or Part of it (viz. 
a) which lies next to the Side C. (13+ e. 2.) 


That is, DD + 2Ba4=B B+CC. 
e Demonſtration. 


and thoſe Sides, or Parts of Sides that are ſought, are mark'd wil 


To cut or divide a given right Line Cas S) into extream ai 
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Demonſtration. N 
Firſt] 1 DD PP ee x 5 
1 CO tas] Fer The. Is ; 
But 35 —a e Per Figure. 
3 G 2 4BB5 —2Ba + aa Dee - 
4 — 44|5|BB— 2 Ba — ee —aa : 
1 — 2|6]DD—CC = ee — aa ö, 
5z 67D —CC = BB — 25a = 
7 += 1|S|DD+2Ba—BB-+CC- Q EDM ! 
| : by 
Corollary. 


Hence it follows, that if the Sides of any acute-angled Tri- Mbi 
gle be known, the Perpendicular (P) and the Segments of the (Male 


Side whereon it falls, (viz. 4, e) may be eaſily found, de 

9 2 _ 3 1. cies 

| | | the 
C:HAP; IV. 


The Solution of ſeveral eaſy Pꝛoblems in Plain Geom- 7; 
try, whereby the Learner may (in part) perceive the Al. Ws: 
Cation or Uſe of the foregoing Theorems. 


Note, When a Line, or the Side of any plain Triangle, us any 
way cut into two (or more) Parts, either by 4 perpendicular Lint 
let fall upon it, or otherwiſe, thoſe Parts ave uſually calld S- 
ments; and ſo much as one of thoſe Parts is longer than the other, 
z5 call'd the Difference ef the Segments. 

And when any Side of 4 Triangle, or any Segment of its Side i 
given, it is uſually mark'd with a ſmall Line croſs it, thus —— 


four Points, thus 


PROBLEM I. 


Hat is, to divide a Line ſo, that the Square of the gre#® 
Segment ( or Fart ) a, may be equal to the Acctangle madecl 
the whole Line s, and the leſſer Segment e. | 


ie 
And 


| EE Et” 
Se = 44, by the Probe. l 


S—4=te, for SSA e | 
| 1: 


I 


— 
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. 


14 83 2 pn 
2 and 3 4 =S—a. Per Axiom 5. 


4 * Sls 8 
3 + Sa 5 aa + SA = SS 


N 6, Solved | - 7 a=vSSFESS: — . Vide Pages 195, 196. 


„Neote, The laſt Problem cannot be truly anſwer'd by Numbers ; 
but renmetricaily it may be perform d thus, 


1, Make a Square, whoſe Side is = & the given Line, and 
- Whifc& one of its Sides in the Mid- 


ede, as at C; upon the Point C 5 
ael-ribe ſuch a Semi-circle, as will EI IN 
p16 through the remoteſt Points F 8 
the Square, and compleat its Diameter. 8 WO 
ren 


2. Then will either Part of the 
q Nane, on each End of the Side 5, be = 4, the greater 
„nent loueht. 
For a ＋ 5: S:: S: Per Theorem 2. 
Ergo, aa + $4=SS, Which was to be done. 


PROBLEM II. 


The Baſe of any right-angled Triangle, and the Difference be- 


Ineen the Hypothenuſe and Cathetus being given, 10 find the 
Ceberus, &c. 


4 7 1 
12 16 =72 
| And] 34 be ſought 
Iben] 4 bh Ca Ad Le * 
Per Theor. 11. 2 
444 5 bb = dd + 2a 
—dd|6 2da bb - Ad 
bb — > 
= 2d 7a = 3 —= 65 rp 
| OrjS|b:d+24::d:b Per Theorem 13. 
ie dd + * _As before at the 5th Step. 


842 
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1 1 
* 


Here you ſee, that either Way raiſes the fame Aquin 
neither is there any conſtant Method or Road to be oblervdin 


ſolving Geometrical Problems, but every one makes Ute of fy, 
Ways and Theorems as happen to come firſt into their Mine 
the Reſult being every Way the ſame. | 


PROBLEM III. 
T he Difference between the Baſe and Hypothenuſe of any Right: 
angled Triangle, and the Difference between the Colvin ad 
Hypothennſe being both given, to find the Triangle. 


= 32 . 
& 2 — by 


15 a= the Hypot. | #0 
3 „ 
Ae by the Prob, - LY, ö 


dd + 2da + aa = yy y 

xx + 2xa + aa — ee Pe | 
dd 2dx-þ 2da 2xa-4-xx+ aa U Hypithemle 
dd + ada Æ 2x44 xx + 244= yy ee 


9 
Q 
+ 
ny 
— 


CON 0. aA + w Do 


D 


The two laſt Steps are equal ; per Theorem il. Conſequent), 
if thoſe Things that arc equal in both be taken away, the f. 
mainders will be equal. Per Axiom 2. 

That is, 101 44 2dæx = 1600 

TOW 2 IIIA 2dx = 45 IN 

1+ 1112 d + D The Baſe. 

2 +11]|13|]x+4=65 S e The Cathetus. 
1+2+11114'd +x+ a= 979 The Hypothengſe. 


PROBLEM IV. 


The Hy pot henuſe, and the Sum of the other two Sides of any. Rigir | 


angled Triangle being given, thence to find the Sides 


| 
Tet 1 1 2 97 
And 2a + e=S=137 


per 5 3 aa + ee HH 
4 | 44+ 24 + ee =SS 

4— 3 5 24e SS- HH 
6 
7 


ad — ade + ee =2HH — s 
217 14 —e= V HH 


Part Ill 


el 


om CM% iy. M53 ee$ 


— nn nnnn—_ 


Il 


H Ot Beſolving Problems. 


— 


2＋4 7 
9 2 2 


12— 9 


ä 


914 . 72 The Byſe requir'd. 


5 


824 + 2 HH—SS = 124 


Fs on dts —_ 65 The Cathetus. 


E—_— 


Let 
And 


per Fig. 
2 0 2 
3 —= 4 
373 
6 w 2 
247 
TK 8 = 2 
ts 7 7 
17 2 


n 


PROBLEM V. 


The ytothenuſe, and the Difference of the other two Sides of any 
8 Triangle being given, to find the Sides. 


1h S297 As before. 

24 —e=0=7 Quere 4. 
3 aa + ee = bb 

4| aa — 24e + ee = dd 

5 | 24e= hh — dd 1-7 

6; aa ＋ 246 ＋ ee =2bh—d4 += 
7 2 ＋ e 20h — dd | 
$\24=d4 + V 2bþ—dd = 144 
914 =72 | | 
10 26 = V 2bþ—dd: —d = 130 
11e = 65 | | 


In any right-angled 2 either the Baſe, or Cathetys, and 


—— — — e * 3 


PROBLEM VI. 


the alternate Segment of the Hypothenuſe (made by a Perpen- 


dicular let fall 


C 


ther Segment, &c. 


Let 
And 


Then 
"ets 
Again 


8 3 
6 ＋ ag 


7, CU 


8 uw 2! 


— 


— 


. The Cat hetus 
2b = 48 The alternate Seg. 


from the right Ang e) being given, io find the 
b: e: :: 4 Quere 4 
ba — ee 


IN — C. 7 
3 ., 4 
5 Cc — 44 = ee Per Theor. II. 

6 ba = cc — Aa 
7 
8 
9 


aa + ba = cc i 
aa + ba + 2b cc + 1b 
at:ib=vc-+;bb 


lI0jJd=Vcc+'bb:—'b—=27 And fo on fore, Ge 


I (hall. 


_* F 8 - ö _ * 1 — - * 5 * wt 4 - bf < fo + — . 
- » ö Et” * FX. 2 = * . * — "on 8 2 - — 
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— . ͤ Eat la n . — 2 8 1 — — 
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I ſhall now ſhew the Geometrical Conſtruction, or Solutinn 
the three Caſes of Quadratick equations, promis d in Page 29, 
Let the firſt Example be that above, vis. aa+ba=cc. (aſe l. 

Make the Coefficient b, and the Root of the Reſolvend, (which 
is here) c, into a Right-angled Pa- FI 


rallelog ram, {per Problem 13. Chap. „ 
2.) and upon the middle Point of F |, Wi 1 
the Side = b, deſcribe ſuch a - {| <<: Mo 


Semi- circle, as will paſs through . 5 1 
the remoteſt Points (or Angles) of .. 
the Parallelogram, compleating its | f 
Diameter, as in the annexed Scheme. Then will either Par: aH 7 
the Diameter on each End b, be equal to a, the other Part will 
 bea+b, and the Side c will be a mean Proportional between pet 
them. That is, a+b:c::c:a Per Theorem 13. Cinſe- 
quently aa + ba = cc. Which was to be done. y 


PROBLEM VI. 


The Difference between the Baſe and Cathetus of any Right-angle 
Triangle, and the Perpendicular let fall from the right Angle 
upon the Hypotkenuſe being given, thence to find the Hypo- 


nuſe, &c. 


Let 1 d—15 The Diff. of the Sides. 3 SN f 
And 2p 36 {De Pi \s WM" 
- Quere a 3|a — The Hypothenuſe 5 x ; 
Per Fig. 4 d e: p: *A*C | 8 3 
4 £8 5 de + ee — pa 2 I 
Again 6]|dd-+ 2de + 2ee da. Per Theorem 11. 1 
5 X 2 7 ade ＋ 2ee= 25 5 
6 — 7 84d = 44 — 2pa Caſe 2. | | 
8 C gjaa— 2pa-t pp=dd-þ pp= 1521 | 
9 uw 2 10]4—p=vVvdd+pp=39 oh 
10 + D wv dd + pp= 75 Sc. for e. per Step. 5. 


The Geometrical Conſtruction of this Caſe 2. viz. 4 a— 2 Pd 
may be perform d in the very ee did PM | 
lame Manner as the // Caſe 4 : 
was; that 1s, by making a 
Right-angled Parallelogram of ©- : 
the Co-efſicient 2 p, and the : : | 2P 
y id; viz. d, &, as in ne * 
annex d Figure. 8 


„„ „ „ „ „ 260166 „„ „„ „% „„ „„„„„„„ 
.* 


of Then will the greater Part of the Diameter to one End of the 
0:8 rrallelagram be = a, and the leſſer Part will be a — 2 p. 
| For 4: d:: d: 4a — 2p. Per Theorem 13. 


Conſequently, aa — 2d. Which was to be done. 
PROBLEM VIII. f 


| lar let fall from the right Angle upon tie Hypothenuſe being 


| given, to find the greater Segment of the Hypothenuſe, &c. 
; Let 1 =; The Hypothennſe, | 
And 2 Linn PE 
. Then 3 aTe= h Quere a. 
; pet Fig. . | 
. FER . e 
. 
| Hm 4 6 h—a—e 
J 7 12 FE «a 
— 4 
7 * 9 S\ha—aa—pp Caſe 3. 
d. =.  91aa—ha==—pp 
9 (0 /10|az—ha+:kh=bb—pp=1 10,28 
10 Wy 21104 — 2k=v5hh—pp=10,5 
114 121, — ' b=V/ (hk—pp=438 Or 4=27 ” 
| The Geometrical Conſtruction of Caſe 3. viz. ha — 44 = pp, 
| may be thus perform'd. Draw a 
rial Line(of any convenient Length „ 
| at Pleaſure) and near its Middle 2 * 


| ereit a Perpendicular = p, viz. of > 
| the fame Length with the Root of the 5 
Leſolvend. From the top Point or up- #; * = 
| per End of that Perpendicular, ſet off I A 
| half the Length of the Coefficient, | - 
| ?1z + þ, and upon the Point where + h juſt touches the firſt 
Line, (with the ſame Diſtance) deſcribe a Semi-circle ; then 

will its Diameter , be cut by the Perpendicular p into two 
mente, Which are the two Values of the Root a, viz. the 
| greater and leſſer Roots, both taken together being always e- 
qual to the Co-efficient, (vide Page 201.) 

For hb—a:p::p:a Per Theorem 13. 

Ergo ha—aa = pp. Which was to be done. 
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Th: Hypothenuſe of «ny Right-angled Triangle, and the Perpendi- 
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PROBLEM IX 
he Perimeter (viz. the Sum of all the three Sites ) of any righ 
> a Triangle, and its Area being given, thence to find un] 

ile. | 


Viz. Let 114 + e+y=—=Ss=—=2 The Sum of the 9 
And 2176 — A The Area E * 10 
: | db 3 
Again 3 aa + ee = yy Pct Figure. 1 | 10 
3 4 4 24¹⁴ = 4.4 15 5 10 
3+ 4% Y ee eee. 
7.7. r=r 
6 @& 2 7 (4a ＋ 24e + ee = — 29 ＋ 5y 8 
5, 7| 89 +44=5s —2 + 
8 = | 9129 =s — 44 = 45396 2 
| | 3 LS 88 1 | 5 
r e — = 97 Ihe Hypuhen,, : 
6, 10 II[ETe 1137 q 
_ 12 [44 — 24e + ee =) —44=49 F 
12 W 2134 —e—=V49=7 5 
1111314] 137 T7 144 
13 + 2164 2 72 The Baſe. 


11— 15 le = 137 — 72 65 The Carhetus. 


To find 4, e, u, , and p | 
| e | 1 


PROBLEM X. 
In any right angled Triangle, a Perpendicular being let fall ſrm 
the right Angle upon the Hypothenuſe, if the Sum of each eg: 
went, when added to its adjacent or next Side, be given, thenc 
to find each Side and the Segments. 
Viz. It[ IIA ＋ A =s = 108 
And 2e + y = 2 = 72 TN 
12 P., 5 


' mk. | 


Iv 44.:3 ak n 
3 S. 2 4 uu = 5s — 254 + aa 

q — «| 5 un — aa = s — 24 r pp 

2 — e| 60/3 —e=y 

6 © 2 7 A — 2e + ee 

7 — ee 8] — 2 = — ee r po 

5, 8. 9 NN — 2e = 55 — 254 | 

Wa AE PR alk yy en 

10 5 {1 ac = p 

1 11 12 le = 206 


$5 — 254 

co A 

5 | | 
2886 — 4854 

I4 220= 7 


134e = 


2265 — 4254 

= 

16 | 224 = i — 2544 ＋ 2%85 — 484 
17 | 2544 -Þ 224 ＋ 4a — ga = 2855 


* 
18 44 + = ＋ 224 — Lia = &s 


15 * = $5 284 + 


L 0 | TT; | 
Sfitute 19 2* == + 22 — 25 = 114 
25 


Then | 20 44 + 2x4 = = 7776 

20 CO [21 aa + 2x4 + xx = xs + xx = 11025 

21 % 222 4 +x=wV xs + xx = 105 ; 
22 — * 23 a=Vzs +xx:— * 2 48 8 
[! — 23 |24|# = 60 = the Baſe. 


„„ 
b 1325 = —— 25 27 


2— 252600 = 45 — the Cathetus. pt 
3425 |27|4 + e = 75 = the Hhpothenuſe. 


PROBLEM XI. | 
The Difference of the Sides of any oblique-angled plain Triangle ; 
the Difference of the Segments of the Baſe, and the Difference 


berneen the greater Side, and the Baſe being given, to find the 
baſe, &c. | | 


I 
Let 0 2 
3 X 2 165 The Differ.of greater Side aud Baſe. 
And | 4 = the leaſt Side, 
3 
6 


t 


d The Difference of the Sides = 408. 
b Ibe Difference of the Segments 495. 


d + a + x = the Baſe 

d+a+x:d+24a::d:b 
Per Theorem 16. 

| 6 7|db+ba+bx= dd + 24a 

7 = |} 8| 244—-ba=db+bu—dd 

* „ 4 + bx —ad 
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. Bens, 
9flolſd + a = 780 = the greateſt Side, 
d + a + x = 945 = the Baſe. 


2 8 
— 2 — 


— 


— A, So 


Eee en —— SECALAN 


— » . . 9 9s > ory — 


The Difference of the Sides of any plain Triangle ; the Differmy 


14 = |15|bbaa, — ddaa + 2xba = ppdd — xx 


TE a et — 


N 1 
* TIED ©" — _ 
— r. * —— * 


PROBLEM XII. 


of the Segments of the Baſe, and the Perpendicular let fal fr 
the vertical Angle being given, thence to find all the Sides, 


Let ? - 12 the as before. 
And | 3% = 300 
Quere 44 = the leaſt Segment, _— 
Then 5 b-+ 24 : d + 2e : 4 :b imme 
5 „6b + 2ba = dd ＋ 2de per 
6 — dd | 7b — dd + 2ba = 2de 
Subſtitute | 8] 2% = bb — dd = 81000 0 
7, 8 | 92x ＋ 2ba = 2de 
| 5 * + h | Fs ] 
9 = 2d |10 2 5 
But 11 pp + aa = ee Per Theorem 11. 
10 0212 5 * 
11, 13131 ＋ 2 ba Fr * 8 


1 dd 5 
13 X dd |14|xx + 2 ba + bbaa= ppdd ddaa 


8, 15 162 + 2,xba — ppdd — K 
16 ＋ 2x I7 aa + ba = - — K* 


17 Co fis. -I % = % . e r 


19— 1b 204 = 51 . 441, — 26 = 225 


20 22112 450 2 


2 —+ 21 | 22 b + 24 = 945 * Ba k. | 
Io, Num. 23e = 375 = the leſſer Side. 
1 + 23 [241d + e = 785 = the greater Side. = 7 


— 


PROBLEM XIII. 


The Sum of the tuo Sides of any plain Triangle, the Difference " 
the Segments of the Baſe, and the Perpendicular lar fal jan 


' 


7. 4 Of Reſolving Problems. 


— p EE 2A. oe AS — a 1 


Vertical Angle 


Baſe and the Sides. 


19, 


17 K 8 
3 
13, 19 
20 > 2x 

21, hence 
27x 2 
2 T. 23 
lo, Nam. 
— 25 


15 
16 G 2 


1 


[rx — 2d o+ ddaa 


upon the Baſe, being given, thence to find the 


5 = I155 The Sum of the Sides. : 
d= 495 The Difference of the Segments. 
þ = 300 The Perpendicular, 

4 = the leaſt Segment, 

e = the leaſt Side, 

d + 24 = the Baſe, 

s — 2e = the Difference of the Sides. 


d + 24:5::5 — 26; d 
aa ＋ pp = ee 
V aa + pp Se 

dd + 2da = 55 — 2e 
25e = $5 — dd — 244 
2X = 5s — dd | 
20 =2X — 244 


* — da ee 


22 


, 
9 „ „ 5 „ “„ 0 


$ 


= 4 ＋ pp 
5s 
xx — 2xda + ddaa = 5544 + app 
naa — ddaa & 2xda = xx — af 
2xaa + 2xda = Xx — upp 
hb , before. 

= ix — Cs. as before. 

* ＋ da = 1 — 27 Cc. as 


a = 225 

24 = 450 | 
d + 24 = 945 = the Baſe, 
e= 375 = the leſſer Side, 


| The Area 0 
the Sides 


 Wwen, thence to find i 


let 0 | 


PROBLEM XIV. 
F any oblique angled plain Triangle; the Difference of 
and the Dj e of the Sep . of the Baſe being 


. 
J 
3| 


4 — e 2 780 _ the greater Side, 


— 4 


Baſe, &c. 
A = 141750 = the Area, 
25 
— 495 
4 . 


2 Put 
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998 
55 | 4|y = the Perpendicular. 
Pat 1 4 
Then] 6 27 = 4 
per Figure 7 4 d + 2e: : d: b 
WING. | 8b = dd + 2de © 

8 — dd 9 
9 © 2 


per Figure 
110 2 
6 X 2 
13 * 4 


14 & 2 


10 ＋ 4dd 
16, 17 


18 * 44 


10 bbaa — 2ddba + dddd = 1 


per Figure 160 A un S ee = 7 EL 


18 bb — 2440 I 6-444 + aa 24h 


201 — 2ddba* + ddbbaa 
21 | bba* — dda* + d — 'ddbbaa = 164A 


22 aaaa — ddaa 


23 adaa — ddaa * +dddd — 
24 14a — 1dd = V - 


25 U . + v5; 4 T 4. 


26Ja=v : ad + VT 


4 = the Baſe. ERS * 


ba — dd — 2de | r 


dnt” ² 8 —— * 


= * = # The leſſer Segment of the 3, 


120% — 2ba + bb 


al 


aa 4 , 


bas _ 2adba —— dddd _ i 
add Ys 


as << 

| bba* —2ddba* +d* aq EL —_ 
| id =4AA- — — 

bba* — 2ddba* + d*aa = 16 AAdd % das 


- 16AAdd 
bb —dd 


; o AAdd 
= bþ — dd 
EAA . 
bb — dd 1 25 
[16:7 6 AAdd 


+ 1 


I Lu — 
— dd 


+ 14404 = — 94) 


DT | 


PRO: 
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6 
no 
** 


„„ ee AY, IN; 
There is an oblique angled plain Triangle, wherein a Perpendicu- 
ar is let aq from the vertical Angle upon the Baſe, the leaſt 

Side, and the Baſe are given, and the Rectangle of the Diffe- 


. rence of the Sides into the leaſt Side, is equal to the Square of 
the Difference of the Segments of the Baſe. Tis requir d to find 
the Segments of the Baſe, &c. OS 3 


c = 56 = the leaſt Side. 

B92 == the Baſe, 

A + 2e=B | | 
y = the Difference of the Sides. 
cy = aa By the Queſtion. 


B:xe+)::3:a for B A ＋ 26 


— 


per Figure 
6 


— 
_ 
Q@ 
tz 
O s —- 


7B S 20 Ty 
5 N 2 820 = 244 
7 = 8] 934 — 24. 
4 5 O 2 IO cc = dada 
10 + C11 S 
. - 
Li 9, 11 12 34. ee 


cc 
I2'X ce 13|ccBa — 2Ccaa= adaa 
13 = 4 14\ccÞ — 20a = aaa 

14 + 2cca] 15 | aaa + 20a cc 

15 in Num. 16 | aaa + 62724 = 288512 
The Value of a, in this e£quation, may be found as in the 

Examples Page 238. viz. by putting r + e = 4, Kc. as in 
thole Examples, you will find 4 = 37,55502 &c. 


_— 


PROBLEM XVI. 
| The three Chords or Subtenſes of three Arches compleating 4 Semi- 


circle, being each given; thence to find the Diameter of that 


Circle, | = | | 
| That is, any Trapezium being inſcribd in a Semi-cirele, if 
aue of its Sides be the Diameter, and the other three Sides be given; 
| itence to find the Diameter or fourth Side. 


— 
v r +> 
— + goa Pa, 
— = 9 h 


= — — 2 1 . * 8 * a oy e 
. — e e N . ; : 5 bc * 
I 4a Ht a 2 —_— # — — PI : 
„ nn = <a " l — * a mor noma In ore 
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* * rr. 
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a e 
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. Deg pe 
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5 A 8 e q 

- — _ 4 — — c —— — 2 * 
r 

> 85 — — _ 7 "XL _ . * 


—ͤ—ͤ— — <a — worn —— — 


— — 


you will find « = = 8, 05581 &c. 


" Elements of Geometry. "Pare 


2 4 © the 3 Sides. 


— 
— 


* 
> 
l a | 


a = the Dia. fought. 


a. MM... S 


Draw the two Dia- 
gonals e, and y 

ca + 3 = ey Per Theorem 19. | 
2 3 = 22 Per Theorems 10 and 11. 
ccaa + 2bdca + bbdd = eeyy 
adaa — bbaa — ddaa + bbdd = ey 
Io laaaa — bbaa ddas ctaa + 2bdea 
11 aaa — bba — dda = cca o 2bde 

12 [444 — bba — dda — cca = 2bde 

12, Num. 13 [444 — 504 = 120 


This Æquation being ſolved as in Example 2. *% 240. 


9 
OW D 688 
OOO 


- 


3 
* E 


Io fd 
m4 O 
Th 
D A 


Ru” I vu — 


| ae 
| 11 =4 = 1350 The 4:4. 
: Suppoſe 2b Ten 120 The Sum, 8c. 
| 3| Quere a, e, and y | 
1 2 4% 24 

3 24 
e 
per Figure 6 [aa + ee = y 

2 — e] 7 =s —e- 

| 2A 

57 . 

J 
8 © EY D * 


. ꝶ6h—- 


PROBLEM pony 


In any right-angled Triangle, the Area, and the Sum of the Hy 
pothenuſe when added to either Side being given, thence to ful 
the Sides, &c. | 


5 © 2110 


10 ＋ 44 114 + =" +. 
{ | . 


6, g, 1 
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\ 


1 


| [444 i A, 44A 
6, 9, 11 12 r Az A | 


| a . A 
2, That is 13 44 = * — 7 


1} Xx 4 14 44a = g — 45A 
1g 15 — 444 = 454 
„„in Num. | 16 | 144004 — 444 = 648000 


| The Value of 4, in this equation, may be found as in the 
ind Example, Page 241. That is, by making r + e= 4, &c- 
t will be found that a = 60. ES 


PROBLEM XVIII 
ere is an oblique-angled plain Triangle, wherein 4 Perpendicu- 
| ler is let fall from the vertical Angle upon the Baſe ; the Sum of 
each Segment of the Baſe when added to its adjacent or next 


Side, and the Area of the Triangle are given, to find the Per- 
pendicular, and each Side. 


Af Stn han rs 


| 3 A the Area = 141750 
And] 4 |4 = the Perpendicular (ought. 
Then] 5 % Te X 4AM 
x24 AEO ==— 
7 +«a=bb 
per Fig. 4 8 ee + 44 — ## 


1 — 51 9jb=z>—) 
2 — elo = -e 
9 Q 2111 lbb = xX — 22 + yy 
10 O. 212 u = 55 — 2e + ee 
7, 1113 — 22) , 44 
8, 1214] % — 2e . 44 
13 =|I5|— 44 2 
14 mt[16]|5 — 44 = 2e | 
| —. | LY rs 4a | | Havingfuundthe Kalue of 4, 
157 22117 | ———=)( from the 24th Step, e, and, 
1 2* will be eafily found by theſe 
8 two Steps. And 6, u by 
| 22; (the grand; roth Step. | 
3 | VL —— $5 — 5 5 
1 3 =1+e 


6, 19 


328 Elements of Geometry, Pan] 
: 55 * — 44 4 24 "MN 


2 88 


20 X 2 21 — aa + : —= 
SA 
21 K 27 — — Jad * 256 — 2⁴⁴ = 8 4842 $ 
| 4 


22 K 423 Nαι — 5444 + 2554'— 2444 = 42; 
23, Num. 24. 9020004 — aaa = 2430<0009 
: Here 4 = zoo found as in the laſt Probley 


. — — 


PROBLEM XIX. 


There i is a right-angled Triangle, wherein a right Line is dum 
parallel to the Cathetus; there 15 given ko thetus, that 95 

ment of the Hypothenuſe next to the Cathetus, and the dong 
Segment of the Baſe, thence to find the Baſe, &c. 


Pr. Let 1 20 c=24 And h = 16 
Then] 2% + a = the Baſe, Quere 4 
Here 3 b Þa:c:t:taie Per Figure. 
And 4 4a ＋ ee 15 Per Figure. 5 
8 | 
3 - 5 n T - = 
| ccaa 
18 21. bb Ca a” 
4 — 44 7 h — aa — ce 
| ccaa | 
| * 8| ee © 66 — 4 
if 63 ꝙ ccaa = hhbb — bbaa + 2h — 20a + Hat 
| go = 104 + 2baaa + ccaa + bbaa — hhaa — 2bhba= ht 
[ Flat 18 11] adaa + 4. + 75144 — 90004 = 90000 _ 


For a Solution of this ÆAquation, let it be made 


[| . . b = 40.6 = 751 

[| Put r+e Vix. I 0c G = — 922 

1 4 + arrre + brree = 4 

_ 3 rrr + 5 + abree — baad ; 

| Then ) crr + 2cre + cee — cada =0 = 90902 | 
| — dr de = — ds e 


Let r = 10 


Jin 
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_ —— cc Ps _ "a. 


+ 8858 4000e + 6ooee 
„ + 40000 ＋ 12009e ＋ 1200ce | 
Then 5 ＋ 75109 + 15020e + 751ee C G — 90000 
— 9 — ode : 

That is, 35100 ＋ 2202ce ＋ 255Iee = 99900 
Hence it will be 22020e + 2551ee — 54900 
Conſequently, 8, 63e + ee = 21,592 =D _ 


D 
| ANG 187. + 7 : 


— 


— Operation 8, 63) 21,52 (21 = e 

6 2571 20 
1. Piviſor = 10 1,52 Firſt = 10 
1 Diviſor = 10,7 1.07 + e—= 2.1 


45 1 „Te = [2,1 =" for 
1 ſecond Operation, which being involy/d, and mwitip!y d into 
the Ci-efficients as before, will produce theſe Numbers. 


+ 2143 5,8881 + 7086, 24e + 878, 4 bee 
+ 70862, 4400 ＋ 17569, 20e ＋ 1452.00 ee ( 
＋ 109953, 9100 ＋ 18174,20e . 751, cee ( 
10890, oo — 9290,00e TOES | 
Viz. 9335 2,2381 ＋T 33829,64e ＋ 3081,46ce = 90000 _ 
Here becauſe 93352,2381 > 9g200c- Therefore 12,1 > 4, 
| and therefore it muſt be made y—e = a, which will produce 
the fame Numbers, only all the ſecond Signs mult be chang d. 

Thus, 93352,2381 — 33829, 64e + 3c31,46ee = 90009 
from whence will ariſe this e/£quation, 

T 33929,64e — 3081, 46er = 3352, 2381 

| Contequently, 10,9784e — ee = 1,0,8757332 = D 
| Oprration. 10, 9784) 1,08787332 (©0999 = 
— + = . 

. Diviſor 10,88 108673 Laſt = 12,1 
2. Diviſor 10.879 97911 — Ce o, oo 
3. Diviſor 10,8785 1076232 r—e 12, 001 = 
| | 979565 | 

&c. 


| ARKLOdLEEM AMC: 
| ln the oblique-angled Triangle CA D, there is given the Side 
AD, and the Sum of the Sides AC + C D ; alſo within the 


Triangle there is given the Line A B perpendicular 10 the Side 
| £4, thence to find the Side CA, &. 
| — = 5 "HR Let 


dit 


C 


j 


— BD 
— - 


1 


1 
N 
J & 
2 
ö % 
- &8 © 
1 0 
5 
1 p 
» 4 6541 
C on 
1 
5 4 
1 
* 4 - 
.* 21 . 
1 
4 
y 1 
FL 
| 140 
1 
1 
* 
Ly 
8 
* FE 
bh i 2 
my > 
: . 
11 
* N 
5 
* 5 
* 
* — 
7 * 
11 
2 
. 
: Þ 
'E © 
} . N 
114 
: li 1 
7 $ 
11 
. 2 
1 
4 4s 
11 
1 
3 
11 
LY 2 
y 
* © WH 
an 
! if WE 
4 „ 
+4 
3 8 _ 
2 
4 
5 
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cli CA + CD =1= 57 F 
3 1 = = 21 EW 
And = 4 fought | 
Then == 1 


Suppoſe | the Eli DEF © 


Parallel to A B, and CA mak d A F. 
Then] JACAB, and A CFD, will be alike, 
BC: CA: : De: CF | 


6 
But] 7 BCS T. Let A Fre, and F D 
SVA: 4: — 424 4 e 
82 | 9 54 „ 
V : bb + aa 

5 O. 210] — 24 + aa = OCD 
per Fig. | 11 | 15—25a+aa= aa 2ae-hee+ y= cr U 
11 — 4412 — 254 = 24e + ee+ 

But 13 dd S ee + y = UAF + 9 
12— 1314] — 244 — dd ⁊ae 

Let 15 [2x = 5s — dd 


[544 — 25444 + 4* 


So id one 1 7” Eon 


| +5; 3 
— 2 Xaa ad — 2 Tu. A 


= _ 2544A. of 4 a* 


Or” ue | 
_ Xx — 2x54 -F 2x44 ＋ $544 — - 26h 
= 77 


18, 19121 


— 


This equation lng e out of the Fraftions, and int 
Numbers, will become, 


= 20184444 + 125409444 — 2464230,2844 ＋ 354683) 
= 274193922,25 10 
which being Heide by 2018, the Co- efficient cf the hug 

Pier of a, will * 


I PII IO.” 


4 3 5 RA I — 
US Chap.4q Of Reſolving Problems, 331 


6: > — 4 62,14.56 a — 1221 125 aa + 17575 9697 12 
be 7 135869, 138875 &c. ; ; 


And from hence the Value of 4 may be found, as in the 


| lf Problem, due regard being had to the Signs of every Term. 


This Work of reducing or preparing equations for a Solw- 


ton by Diviſion, hath always been taught both by Ancient and 
| Modern Writers of Algebra, as a Work fo neceſſary to be done, 


| that they do not ſo much as give a Hint at the Solution of any 
| alfefted equation without it. 


Now it very often happens, that in dividing all the Terms 


| of ane/£quation, ſome of their @aotients will not only run into 


a long Series, bu. allo into imperfect Fratt;ons, (as in this 
Agustin above) which renders the Solution both tedious and 


| imperfett. | 


To r:medy that Inperfection, I ſhall here hew how this 


tut fuch Diviſion or Reduction. 


Let b = 2018 »- 6 = 129409. 4 — 2464230 25 


Then the precedent AS quation will ſtand thus, 
T baaaa + caae — daa + f 6 


put r be = 4 as before. 
— br* qbrrre — 6brree = — ba* 1 


Then will T &r ) + gzerre & 3eree = ＋ ca 


drr — 2dre — dee = — daa © & 

; ＋ fr e. 2 * = j# . 5 
This is plain and eaſily conceiv d; the next Thing will be; 
how to eſtimate the firſt Value of r; and to perform that, let 


G be divided by h, only fo far as to determine how many 


Places of whole Numbers there will be in the Quien; con- 


| ſequently how many Points there mult be (according to the 


ight of the «/£quation.,) 


bus b= 2018) G = , teh (130000 
201 


7238 &c. 
Now from hence one may as eaſily gueſs at the Value of r, 


Vi all the Terms had been divided. That is, I ſuppoſe r= 10 


Witch being jnvolv/d,, &c. as the Letters above direct, will be 
| | 2 
Uu 2 — 20189999 


332 Elements of Geometry. Part In 
— 20180000 — 807 2000e — 1210809ee — 
＋ 125409009 -+ 37622700 e + 3762270 25 
— 246423025 — 49284605e — 2464230, 2 56e ( © 6 
＋. 3548837483 3 

Viz, 213489945 ＋ 1573440 e ＋ 87239, 7 5ee==2741839k 

Hence 1573440 2e + 87239, 7 ee = 60694877,25 

Conlequently, 180, ze ＋ ee = 095,72 = D © 


| And \ 7853 Se = ET 
Operation 180,3) 695.72 (3, = e 


e 37 549 . 
1. Di ſer = 183 146,72 Fit 10 


2. Diviſer = 184,0 128,80 e 2,7 
| &c. rpe=1,7=r fo 


a ſecond Operation, with which you may proceed, as inthe 
laſt Proble, and fo on to a thid Oreration, if Occaſion ie 
quire ſach I xactneſs. But this may be ſuqhcient to ſherr the 
Method of iciolving any adfefted egi quation without reducing 
it; Winch is not only very cx6&t, but alio very ready in Pn. 
ctice, as will uh y apbear in the laß Chipter of this Parr, cor 
cerinng ihe Periphery and Area of the Circle &c. wrieran you 
will find a farther Improvement int © Numerical Sontion of 
high equations than bath hitherto been publith'd, 


b N. 


CHAT--Y. 
Practical Problems and Rules for finding the Super. 
ctal Contents or Area's fit ud Figur's, 


Efore I proceed to the fol owing Problems, it / be ole 
vement to acquaint the Learner, That he Superfictes d 
Area of any Figure, whether it be right-lin'd or circa af, 
compos'd or made up of Squares, either greater or «js, ccc 
ing to the different Meaſures by which the Dimenſuns of i 
Figure are taken or meaſur d. | 
That is, if the Dimenſuns are taken in Inches, the Arca Wil 
be con posd of ſquare Inches; if the Dimenſions à c taken 
Feet, the Area will be compss'd of ſquare Feet: if in Yard, te 
Area will be ſquare Yards ; and if the Dimenſions are taken Y 
Poles or Perches, (as in ſurveying of Land, &c.) then the Are 
will be ſquare Perckes, &c. Theſe Things being underſoo 


;-y 


.. 


Ill 


hap 5. Of Practical Rules about Area's,&c. 333 
yd the Definitions in the 283 and 284. Pages well confider'd, 


vill help to render the following Rales very eaſy. 


PROBLEM I. 


ok 5 find the ſuperficial Content or Area of a Square; er of any 
= rig.t-angled N ralleiogram. 


| FT Multiply the Length into itt Breadih; and the Product 

ule mill be the Area reguir d. (Sce Lemma 1. Pag. 302.) 
Example, Suppoſe the Line AB=6 _ . 

vnde, and the Breadth AC, or 4 6 2 

B = 3 Tards. VV. 

| Tm AB ACG 3 — 13 5 EE 

will be the Number of ſquare Yards = —— * SE 

contain d in the Area of the Paralle- | 

gam AB CD. | | | 

This is ſo evident by the Figare only, that it nceds uo Pe- 


on ration. | _— 

| PROBLEM II. | 

[To find the Area of any Oblique-angled Parallelogram, viz. either of 
| a Bhomvus, or HBhomvorves, 


Bute Multiply the Length into its perpendicular Tlcioht, Co 
|  Breadth). and the Proinft will be tire Arca requir'd, 


That 18, the Side ABXBP— the A en of the Rhombus 
[4 BCD. For it B be drawn. per- | 


pendicular to CD, and AG be made A EL 
| piralel to B P, then will GCS P P, 4 1 


and GP=CD. Conſequently AAGC 
SOB PD, and ABG — Rlonbus 
ABC D. gp 3 
| Bt ABxBP— ABO p. There. © © F 
fore ABx BP, or CDN BP = the 
ea of the Rhombus A BCD, 


Example, Suppoſe the Side A B = 23 Inches, and the Per- 
bendicglar B P = 17,8 Inches ( being the ſhorteſt or neareſt Di- 
fance between the two Sides A B and C D P — 8 
ben 4B X BP—23 x 17,5 = 402,5 ſquare Inches, be- 
ing the Area of the Rhum bus requir d. | 
be like may be done for any Rhomboides, whoſe Length 
and perpendicular Breath are given. . 


PROBLEM 


* a — b —_ 2 Sth are tn ata 
— — — 2 * - qo —— FE EI —————— 
— — — ny" 2 . — - 2 r — * 
— - a — 2 2 2 - 5 * * * 
n — — —ñ—I—ꝓ — — — . — 33 
> 
. 


„„ 
— — <P . 
— . —— SS EEC II. — x 
gar IE ny — ny 


therefore A ABC—ABCP, 


Example, Suppoſe the Baſe B D = 32 Inches, and the pi 


 evgles) upon the Diagonal, as in the following Figure. Tit 
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PROBLEM III. 

To find the ſuperficial Content or Area of any plain Triangy, 

Every plain Triangle is equal to half its circumſcribing Phy 
Jelogram, (41+ e, 1.) which affords the following Rule. 

Multiply the Baſe of the Fg Triangle into bl 

Bule d perpndicu Height, or half the 1 into the hl 

Perpendicular, and the Product will be the Area. 

That is, B DN CP, or; BDM CP Area of ABC) 

For AC =BP, AB=CP, 4 C f 

and B C is common to both h eee pine 


And for the like Reaſons ACFD : 3 
= CP D. : ; B P — 

Therefore G B CPT A©PD 
= AB CD. Conſequently - BD Xx CP, or BDC! 
will be the Area of the & B CD. EE. 


pendicular Height CP = 14. Inches. 
 ThenzBDxCP=16X14q4=224 OrBD x:(} 
1 | * | 

Or thus, 32 X 14 = 448. Then 2) 448 (224 = they 
of the Triangle B C'D 1n ſquare Inches, " , 


PROBLEM IV. 
To find the Superficies or Area of any Trapezium, 


Firſt divide the given Trapezium into two Triangle, \ 
drawing a Diagonal fiom one of its acute Angles to 1 oppo- i 


* 


ſite Angle ; and let fall to Perpendicular; from the other m 


Perpendiculars, or half the Sum of the Perpendiculart in 

the Diagonal, and the Produtt will be the Areas. 
That is, ACX BP+ ED. Or ACx BP ED A 
of the Trapezium ABCD. 


For the AABC is half its circumſcribing Parallelogrs; I 
And the AACD is alſo half of its ke cribing Pod 


gram, as hath been prov'd at the laſt Problems, 


— Multiply half the Diagonal into the Sam of the w 
Bule | 


Conſequn 1, 


hap.5.Of Practical Rules about Areas, Kc. 3 35 


Conſequently, B P + ED X+AC ors BP+; EDxXAC 
all be the Area of the Trapexium, 
above. | | 
Example, Suppoſe the Diagonal 
YC = 33 Feet, the Perpendicu- 
; Ps Feet, and the Perpen- 
dear E D = 14 Feet. Then 
E D g= 29 Feet, and 
p ED AC 29 K 16, 5 
478,5. Or AC NX B PT EE D = 33 X 2 — 478, . 
dr thus, 29 & 33 = 957 Then 2) 957 (478,5 any of 
heſe Products are the Area of the Trapexium A B CD. 


PROBLEM V. 

ſo find the ſuperficial Content or Area of any irregular Polygon 
r many filed Figure, which by ſome | 
Muhors 15 call d a T riangalate, becauſe 
4 1 ſuppoſe) it muſt be divided into 
Triangles, as in the annex d Figure 
ABCDFG; by which it is evident, 
hat the Sam of the Area's of all thoſe 
Iriangles, found as in the laſt Pro- 
lem, &c. will be the Area of their 
ircunſcribing Polygon. 


PROBLEM VI. 


1 


| regular Pentagon, Hexagon, Heptagon, Oſtagon, Cc. 


| Maltip'y half the Sum of its Sides into the Ra- 
Gneral Rule J 4% of the inſcrib d Circle, or half the ſaid 
F Radius, into the Sum of the Sides, and the Pro- 
duct will be the Area requir d. 5 
AB+ BD+ DE-+ EF+FG+GH+ HK+ KA. cp 
a — * 
the Area of the annex d Octagon, wherein it is evident, 
that its Area is compos d of ſo many equal Iſoſceles Triangles, 
us there are Number of Sides in the Polygon, viz. of eight Iſo- 
ſeele Triangles, whoſe Baſes are the Sides of the Oftagon, viz. 
0 5 BDB D E, &, And the Sides of thoſe Trias les, 
mh C 2 &c. are the ch of 2 circumſcribing 
©; and their perpendicular Heights, viz. C P, is the Radius 

Le a 

, ES Fut 


That is, 


— 4 _- _ — 
* * * S 


2 — — SPA <q." 
CS LY CO thn ORBIT phate, 
* . —— 


lo find the Superficies or Area of any regular Polygon, viz. of any 


e << N 
A Le > errant, "rn 
——— 


2 — ect — v 
od : BY 2 — 1 A — 
r _ * : T's — I . 9 4 4 _ 2 IT — 5 5 * 
8 IG. — tr $6 - > + repent es 2 7 — . 1 n 1 
0 — k E _ — — e _ OT. # =P WR owt. : 
—— 6＋ —ꝛ— — nt . ²˙˙ U ² reno wr —Ü Ü III. — — bo theo — — — — —— . 


11 | 
.% 
1 
+ 
44 i 31 
* 141. 
e 
19 
Fi 
FI 
% 
4 
FA 


| help to deliniate or propett the Polygon, Cif Occaſion requir i, 
and the other will help to find its Area, 


That is, AB; CG 1028887613 


| Let AB — BD — To 
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But the Aeg of any oue of thoſe Triangles, is: ABx(} 


Per Problem 3. Conſequently  - 
the Sum of all their Arca's will „ 
be, C P into haf the Sum of VV 
all their Baſes, as above. „ 8 
This being egi evident in „ i SCP f 
all vegular Polygon whatſocver, ; VV 
makes the xule general lor find- : | 1 955 N 


ing their Area's. 1 
Now becauſe it 15 requir d \ 
to have the Radius of the pro- 8 
pos d Fohgon's inſcrib'd Circle, „ 
I (hall here inſert C and demon- A EP 
ſtrate) the Proportions that are 
between the Sides of ſeveral regular Polygons and the Rady, 
both of their inſcrib d and circumſcribing Circles the one wil 


And Firſt, Of an Equilateral Triangle, 
The Side of any Equilateral plain Triangle, is in Propurtimb 


the &Kadigs of, 


1 Circumſcribing Circle, As. 1: To 057735927 &. 

its lſcribd (ircle. As 1 : To 0,28867513 & 

And to its erpendicular Height, As 1 : To 0,865 2549 & 
AB: CD: 31 $0,57735027 


And AB: AG +: 1: 0,86002540 


De nonſtration. 


Then will BG =GD= , 5 

But UAB — 23G U A6. 
Per Theorem 11. „ 
That is, 1 — 0,25 = 0,75 = 1. AG. H 
Conſcquently, Vo,7s — O, 86602540 —AG : 


Then 4G: AB:: AB: AH. Per Theorem I 2s 


That 18,.0,8660254 : 1 :: 1: 1,1547054 Kc. = AH 


Then + 4H —0,57735027 =AC. Again, 46G : DG : : De: 


That is, 0,8660254: 0,5 :3 0,5 : 0, 28867513 . QED, 


Now by the help of the fir of theſe Proportions, it will 
ealy to re the following Problem. Fee 1 
CO PROBLEM 


4 TA. als A FOO 1 
WW 


NT r PSPS. ”— . __ __ 8 
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PROBLEM VII. 
ue Side of any Equilateral plain Triangle being given, to find 
| ee TG > 7 


Jo be 25 Inches, Viz. AB=BC=CA=25 
Firſts :0,8660254 ::AB=25: 21,650635 
BP, Per Theorem 13. | 
Then AP ( CA) x B P =the Area 
AAB C. Per Rule to Froblem 3. 
That is, 12,5 K 21, 65063528270, 63 29 
he Area in ſquare Inches. 4 
Or this Froblem may be otherwiſe 
ſolved, thus. | 

Let b APS AC. Then 2b = AB, | 
zut AB - NAP NBP. Per Thorem 11, 


| Example, Suppoſe the Side of the propos d Triangle AB C 
: BD 


Then by 3bb =B PX; AC. Viz. V 3bbbb = the Area of the 
Triangle. | 5 


159 Secondly, For 4 Pentagon. 75 
nie Side of any regular Pentagon, is in * jag to the Radius of 


" Cromer Ong Circle, As 1 : 
% Uſeribd Circle, As 1: To o, 68819096 &c. 
And to its Perpendicular Height, As 1: To 153884176 &c. 


- CAB: AC: : 1 : 0,85065080 = _- 
te { 8: CH: 1: 0,68819096 ee eg ts 


; AB: AH: : I: 1,53884176 —D : 
. | Demonſtration. | : Le NO AE 5 
e 4B 1. And draw the Tex 
9 * AD, AF and DG, which + „ 

| WIL be equal to one another. Then e 


vill DF ; + ADXGF=AFx DG 2 
| Per Theorem 19. . 8 
| Conſequently, AGxDF=AFxDG:—ADXxGE. 
Thats, A4 3 AD: —4DxGF=x. Ie 


(CI Fience it will be A D = 1, 61803398 

b. — DO4D— DH = NAH Per Ther. 11. But DH= AB 
Abetefore / AD - HAB = AH = 1,3884176 

Xi Agin 4 H: AD::4D; AX= 24G Yor AAHD 

u 44D X arc alike. 


| 


a — — ——_— 0 5 
ny * 4 7 
Ilan Re Oe . : 
— DI — - s ts. 7 » 
2 N 8 E 7 Ps <2 
Ser 5 MAE * * 8 
: W 


That is, abb —bb = 3tb= Q BP. Conſequently, V 3bb = BP 


Xx Ergo 


it 
1 
g 
.Y 
1 
i 
1 
4 
3 
$ | 
' 
5 
_ 
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Bo << 772 = = 2AC= NN Hence AC =08506 


But AH—AC= . CH = 0,68819096 &c. Q. EU 
From hence i it will be eaſy to reſolve the following Prove 


PROBLEM VIII. 
The Side of any regular Pentagon being given; to find it u 


Example, Suppoſe the given Side to be 15 Inches long; tha 
it will be, as I : 1,53884176 : : 15 : 22,0826264 the jr. 

pendicular Hei ht ; and by the general Rule 22,082626, * 4 
= © aac 9698 the Area requir d. 


Thirdly, For an Octagon. 


oY Side of any regular Octagon, is in Proportion to the Radiui 


Circumſcribing Circle, As 1: To 1, 30656296 Cr. 
 Uiſeritd Gre a M$ 17-40. 1, 20% 0 % K.. 
2071007 
Vie. BA: CA:: * 1,30656296 
BA: CP:: 1: 1, 20710678 


Demonſtration. 


Draw the right Line D B, and Di 8 
from the Point B let fall the Per- 
pendicular B x upon the Diameter 


DA. 
Then will ADBA od A DxB 
be alike. Per Theorems 10 and 12. 
b=BA=1 . a 2 (CA 
Let e=DB and LE 
Then] 124: b:: e: Viz. DA: BA:: DB: I. 


1 x 0 


2 © 2 3.2% See = DB 
But „„ 


That is, [ DA —- DB NBA Per Theorem Is 
4 Xx bb 4bbaa — qgaayy = bbbb 


Again] 6ST = N. For Cx = Bx 


' | Land pert e , 


AL 


Chap. 4 of Peace Rules pr jen T7 8. 7" "= 3 39 


. © 
h - 2 
p CO 
0 00 2 
70 ＋ l 
Ui w 2 


| Then 


3 


9 


11 
12 
13 
14 


ba, = 24* be. Or 24% — 4bbas = —=b+ 
aaa — 2bbaa = — 205 e 
4 — 2bbaa + b* = b* — 

aa —bb = Eh 
aa = bb + 4b? 

4 bb + 2þ* = 1,3 06 56296 &c. = C4 
4 — bb = QCP. vis. BeH HP ACP 


+b# =5 by 


V aa — +bb = 130710678. Kc. —= CP. 


LAS 1 : 


b ar d. 


1, 20710678: 
Fits inſcrib'd Circle. 


bs, ere Circle, As 1 
Lnſcrib d Circle, 

7 385 CA:: I: 161803398 
. BA: C P.: 1: 1,5388416 


Demonſtrati on. 


PROBLEM IX. 


The Side of any regulay Octagon being given, to find its Ee, 


Example, Suppoſe the 5 given to be 12 Inches lung; Firſt; 
14, 48528136 = the Radios of 

8 1 is half the m Of 
Fits Ser; and 48 * 14,48 528136 = 695,293 5 the Area re- 


Then 121 4= 


Fourthly, For a Decagon, 


| The Side of any regular Decagon, (viz. 4 Polygon of ten mal 
| Sides) is in Proportion to the Radius of 

: To 1,61803398 the. 
1.538841 4 &c. 


As 1: 10 


b=BA=1.4 = 6 / 

Lit $6 = DB. and 7) = Be * 

"Thenſ112a:Þ iter P 

"WE That is, DA: BA: 55 :Bx 

1 ＋2 the be 
and 27 | 
But 3 2): 22121 61803398 vide Festes 
3 2 | Te | be DER 1e 
3 , 1,61803398 = 27 = a — a 

+ = 1e 5 161803398. = 4a = CA 

Again] 6 1 Ne 2 

| WY Viz. OCF — we MPF = C. per Theor: 11. 
| That is, 7. 2,618033 2,61803396 — 0,25 = 1,53884176 = CP. 


Xx 2 PROBLEM 


| From hence it will be eaſy to find the Area of any dne 


A 


(ircumſcribing Urcie, As 1: To 1493185165 &c. 
Ke Inſerib d Grek, hs As I: Io 180632012 &c. 1 


1 8 94 — JAR = 44 + bh — 144 — 24 / bb 


— —— 


— —  — — 
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PROBLEM Xx. 
The Side of any regular Decagon being given, to find its Aru 


Example, Let the given Side be 14 Inches long: They 
As 1 : 1,53884176 : : 14: 21,543784 = the Radius of th 
inſcrib d Circle. And 14 X 5 = 70 is half the Sum of its Sidy 
Laſtly, 21,543784 X 70 = 1505,06488 the Area requird. 


 Fifthly, For a Dodecagon, 


The Side of any regular Dodecagon (viz. 4 Polygon of tmn 
equal Sides) ts in Proportion to the Radius of gon of tmin 


„ BA: A:: 1: 1,93185165 
Fix. BA: :: 1: 1,8663 2012 


Demonſtration. 
Let b BA = I. A= (Aas before 
Ande= x4. Then a—e — Cv. {/ BON 
Firſt bb . Bree Penn * 25 

Per Figure. : 

But Bx = CAS 2 4 L | 2 
bb — 4 4d = ee | | ic ＋ 
aa — f 44 = 4a — 2e b ee 
5 * 24] 72 — 2 44 = ae 


4 — 7] 8b - 44 — 24 n — 1 aa= te — 24 


— 
— 
CT) 
OA Sw „ 


E. 
1 


— 


+ IO 2A Yb — 4 44 . bb 
15 O. 211 4bbaa — aaa = b* 
11 II2I aaa — 4bbaa = — 4 | 
r3 CO. [13] 4. — blu + d. = 3b = 3 
1 % 214 44 — 2bb =v 3 = 1,7320508075 
14 + 2b6|15]4a = 2bb + V3 = 3,7320508075 
; a = V 3,732095080p5 = 1,93185165 = (4 
Again 17 44 — ;bb—= DCP. Viz. OCF — HF = 
7, Hence 1181 C = — 4 bb = 1, 86632012 QE. D. 


NSS 


laue 


— 
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Con ſectary. 
Hence if the Side of any regular Dodecagon be given, the 


eu, 


7 dins of its inſcrib d Circle may be eaſi y obtain d, and thence 
6 q he Area found, as in the laſt Problem. 
* The Work of the foregoing Polygons being well conſider'd, 


vill help the young Geometer to laiſe the like Proportions for 
others, if his Curioſity or Occaſion requires them: And not 
only ſo, but they will alſo help to form a true /dea of a Circle's 
E/:ripvery and Area, according to the Method which J ſhall 
Ly down in the next Chapter for finding them both. 


wel 


— 


CHAF. vs 


Arm and eaſy Method of finding the Cit cle's Periphery 
| and Arca, to any aſhgn'd Exaitn:fs (or Number of Fi- 
gures) by one A quat ion only. Alſo a new and facile Way 
of making natural Sinnes and LOnyems, 


ET us ſuppoſe (what is very eaſy to conceive) the Circles 
Ly reato be compos'd or made up of a val? Number of plain 
| L/oſceles Triangles, having their acuteſ} Angles all meeting in 
| the Circle's Center: And let us imagine the Baſes of thoſe Tri- 
| angles ſo very ſmall, that their Sides and their perpendicular 
| Heights, viz. the Radius of their circumſcrib d and inſcrib d 
Circle (vide Problem 6,) may become to very near in Length to 
each other, as that they may be ken one for another, with- 
| Out any ſenſible Error. Then will the Peripheries of their cir- 
| cunſcribing and inſcrib'd Circles become Calthon h not co-inci- 
dent, yet) ſo very near to each other, as that cicher of them 
may be 1ndifferently taken for one and the ſame Circle, 
| But ho to find out the Sides of a Pulygon (viz. the Baſes of 
| thoſe Iſoſceles Triangles) to ſuch a convenient Smalneſs, as may 
be neceſſary to determine and ſettle the Proportion betwixt a Cir- 
des Diameter and its Periphery, (to any aſgn d Exattneſs ) bath 
itherto been a Work which requir d great Care and much 
ime in its Performance, as may eaſily be concev'd from the 
ure of the Method us d by all thoſe who have made any con- 
iderable Progreſs in it, viz. Archimedes, Snellins, Hugenius, Me- 
lil, Fan Culen, &c, Theſe proceedel with the biſeting of 


an 


— — — * . — ” 
a ——_— 
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large Account of the different Enquiries made by ſeveral (an 


4 continual Triſection, Quinquiſection, or other Section, i 


an Arch, and found the Value of its Chord to a convenie 
Number of Figures at every ſingle Biſection, repeating their ( 
perat ions until they had approach'd to the Chord deſignd. 
And this Method is made voice of by the learned Dr. ya 
in his Treatiſe of Algebra z wherein, after he hath given ut 


eminent in Mathematical Sciences) in order to find out ſome a 
fer and more expeditious Way of approaching to the Gn 
Periphery, as in Chap. $2, 84, 85, 86, and ſeveral other Pac 
he comes to this Reſult (Page 321.) | 

© Tistrue, (ſaith he) wemight in hike manner proceed ly 


«© we had for theſe as convenient Methods of Operation, x 
<« we have for Biſection: But becauſe Euclid ſnews how b 
e biſect an Arch Gcometrically, but not to triſect, C. and 
« the one may be done (A gebraicall) by reſolving a Ou. 
« dratick Aquation ; but not thoſe other, without Xquation 
« of a higher Compoſition : I therefore make Choice of a cy 
„ tinual Biſection, Cc. 5 | 
And then he lays down thele following Canons 


The Subtenle of 7 T |1nto 6 
of „ 1 2— 73 into 1. 
© V:2—V:2+V3|&, 1 
of 2 V:2—V:i2+Vv:;2+v3 | 


of 5; V:i2=Vv:i2tv:i2+v:i2+v3 

&C  Vi2—wvi2htvi2+SVvi2zhtvietyg 

V:2—V:2+V:2+vV:2+v:2+v:2+v3 

7 TNTANTER FLAT | 
* 


How tedious and troulleſons the Work of theſe complicated Er 
tractions is, I leave to the Conſideration of thoſe, who either hat 
had Experience therein, or out of Curioſuy will give themiſelve; 
Trouble of making Trial. | 

Again in Page 347, the Doclor inſerts a particular Meth 
propos d by Libnitius, publiſh'd in the Ala Eruditorum at Lf 
/ick, for the Month of February, 1682. in order to find te 
Circle's Area, and conſequently its Periphery, which is this; 

As 1: To + Art Cana 3 hn 64-102 ; 
infinitely : : So is the Square of the Diameter: to the Ci. 
cle's Area. But this convergeth ſo very flowly, that it 1500 
worth the time to purſue it. | | 

I ſhall here propoſe a new Method of my own, whereby ti 
Gircle's Periphery ( and conſequently its Area) may be _ 

125 0 infinite 


2p. 6. Of the Circle's Periphery, &c. 343 
nitely near the Truth, with much greater Eaſe and Expedi- 
pn, than either that of Biſection, or that of Libnitius, as above, 
any other Method that I have yet ſeen, it being perform'd by 
dving only one e/£quation, deduc'd by an eaſy Proceſs from 
e Property of a Circle ( known to every Cooper) which is this. 
The Radius of every Circle, is equal to the Chord of one fixth 
yt of its Periphery. RD 9 
That is, AD= DH = HG, the Chords of + Part of the 
En- circle, are each equal | 

A its Radius. 

Then if the Arch A D be 
nſeed, it will be 

IB BZ AD. 


68455 1 


et L = ADSL 
4 2 AB Quere 4. 


Then| 1 FFF 


And 2 K 41: KR- 24 


bat is, 3 FB: BZ: : Fe: ex = AD — 24 
For AFB, and A BAe, are alike. 
| And AB Ae O x, &c. 
ö 
R : 
4 K &c. 5 3 Ra — aa —= R Rc. That 18, 34 — 44d = 1 
Here 4 — the Chord of ; Part of the Circle. 
I For + of 4 = . | 5 | | 


"1 4 | RC 2 Ra = Ra — 


Next, To triſect the Arch A B. 

let 1 3) — 5 — 2 the laſt Chord. 

313 1973 = 277. +,99 73" = 4 
13499 —3y 36: ; 1 

I Here y = the Chord of e Part of the Circie. 


Again, To triſeft the Arch, whereof y is the Chord. 
Let| 1 MM 


3.2 
J 3 


34 — =y ; . 

274 — 274 + 94) — 4 =» 

2434 4054 270 >=904" 5 e 
| i & 7 


18 
i © 


into one, as in the tx laſt Triſections, it will not be diffcu u 
obtain the Chord of any aſſign'd Arch, how {mall ſoever it b. 


well underſtood, will render the Work very eaſy. 


- _ 
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| $21874' — 51034? -+ 51034 — 28350" 


by CY 0448 = 5" + er 

| | $ 196834? — 590494 873241. Wo 

1. 9, 5 — e * ; put 

1K 6274 — ga — gy & 

2 X 30 8 10a — 81 + 2704 — 304” = 30Y be 
. 656145 — 109354) + 72904” — 2430 

* 8 + 4054 — 274 5 = 2795 #3 i 


. 196834 — 459274" ＋ 459% — 
4 * 919 Ra ee; 90% i oy 
6—7J| C274 — 8198 + 73714 — 30888 
> 10 + 729304 — 1074064'' + \ 
+ 1049524'? — 697684 * 
Here 4 = the Chord of , Part of the Gi, 


=1 


Proceeding on in this Method of continually triſecting the 
of every new Chord, and ſtill connecting the produc'd eAquaim 


Now, in order to facilitate the Work of raiſing theſe Au 
tions to any conſiderable Height, it will be convenient to add: 
few uſeful Obſervations concerning the Nature, and of fu 
Contractions as may be ſafely made in them; which bei 


1. I kave obſerv'd that every Triſection will gain or advance nt 
Figure in the Circles Periphery, but no more. Therefore ſu mal 
Places of Figures, as are at firſt deſign'd to be perfect in tre I 
phery, ſo many Iriſections muſt be repeated to raiſe an eA-qudilh 
that will produce a Chord anſwerable to that Deſign. | 


2. J have alſo found, that all the ſuperiour Powers (of a) mit 
Indices are greater than the Num ber of Triſections, (viz. whiſe I 
dices are greater than the Number of deſand Figures) ni [ 
wholly rejected as inſignificant. 

3. When once the Number of Tri ſections, and thence the high 
Poxer (of a) ts determin d, the third Proceſs (viz, the third In. 
ſeftion ) may be made a fix'd or a conſtant Canon; for by it, 
Multiplication only, all the ſurceeding Triſections ( how may | 
ever they are.) may be compleated, without repeating the ſeverd 
Involutions. 2888 


4. In raiſing and collecting the Coeſſicients of the ſeverd pu- 
ers, (of a) it mill be ſufficient to retain only ſo many oe 
L ; Ws | 9 L * ) 


7 ap. 6. Of the Circle's Pertphery, Kc. 345 


eres (a 400 4. there is deſign d to be Places of Figures in the 
" WW riphery; Cor at moſt but two more) and every ſucceeding ſuperionr 
per may be allowd to decreaſe two Places of ſignificant Fipures. 
B. herein great Care muſt be taken to ſup the Places of thoſe 
Figures that are omitted with Cyphers, that ſo the whole and exact 
amber of Places may be truly adjuſted ; otherwiſe all the Work will 
he erroneous. . | | | 
| Now the Number of thoſe ſupplying Cyphers may be very conve- 
ent y denoted by Figures plavd within a Parentheſis ; thus 
676 (8) 4, may ſignify 57600000000 4, as in the following 
Equations. The like may be done nith decimal Parts, thus 
(.7) 658 may feniy ,0000000658 &. which will be found very 
Wein in the Solution of theſe, and the like Equations, 


The aforeſaid Contractions may be ſafely made, becauſe both 
the ſuperiowr Powers of a, which are rejected; as alſo thoſe 
Numbers that are omitted in the Co-efficients (and ſupply'd with 
[Gphers ) would produce Figures ſo very remote from Unity, 
as that they would not affect the Chord deſign d. That is, they 
would not affect the Chord in that Place wherein the deſign d 
3 is concern d, as will in part appear in the following 
ample. 1 | 
If theſe Directions be carefully minded, it will be eaſy to 
raiſe an «Equation that will produce the Side of a regular Poly- 
eon, whoſe Number of Sides (hall be vaſtly numerous, conſe- 
quently infinitely ſmall, But I preſume it will be ſufficient 
for an Example, to find the Side of a Polygon conſiſting of 
2582803 26 equal Sides: That is, if I find the Chord of 


258280326 


Part of the Circle : Periphery, and that requires but ſixteen Tri- 
| ſettions, which being order d as before directed will produce 
| US ¶Æquat ion. 5 „ 


4 | (. 430467214 — 332360179486968612 (4) a 

8 ) 7799837653199714(20)a'—849218532841(35)4" © 
+54633331143 (50)4* — 230083348 (66) 4 _ 

F T6830988 (7904 — 15072(94) 4. 

1 Here the Value of 4 will have 23 Places of Figures true. 

WF This is, the Sides of the inſcribd and circamſerib'd Polygons 

R will be exactly the ſame to 23 Flaces of decimal Parts, but not 


| farther; all which may be eaſily obtain d at 50 Operations. | 
And for the firſt, it will be ſuFcient to take only three Terms 
| Of the «Equation which will admit of being yet farther con- 

Watted, thus. | | EY” 
Yy Let 


— — — > re - _ Is — 
— - 
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Let $ 430467214 — 3323601794 (g _ i 
Lt4 70983765 (%% ( 3=1 | 


346 


And let r +e—=4, Then rejecting all the Powers of e, th F 
ariſe by Involution above eee, 85 a 


it will be r' + 3rre + 3ree + eee = a4 
And r' + 5r'e+ Ior'ee + lorreee Sa. 
Then the firſt ſingle Value of 1 may be thus found 
43046721) 1,00000000 (,00000002 = r ; 
This ,0000c002 = r being duly involvd, and its n 
multiply d into their reſpettive Co-efficients, will produce | 
+1:,860934424-43046721e ; 
— 026 5888 1— 3988322e—199416(9)ee—3324(1 Dor 
+ ,00024635-+ 61587e + 6159(9)e+ 3o8(18)re: 


 V42.,.83459196+39119986e—193257(9)&—3016(18)er= 


Hence 39119986e—193257(9)ee—3o16(18)ere=0,165458 


All the Terms of this lalt 2£quation being divided by 1 932570 


the Ci-efficient of ee, it will then become 5 | 

0000002024 .—ee-1 5605 Jeee=,0000000000000008558963=1 

1 FDA 156(5) eee ü 
Conſequently, e e 


Operation. | 
0000002024) ,000000020 0000085 58968 (,0090000088 
— 40000000043: , oοοοοοοοοο 998 4 = 100% 


1 Di. ,000000198 ) ,02000000000000085 6895 2 (009000004310 
2 Di. 0000001981 | 792 
| 6469 
-.,  $043- 
7 d | 5475 
Firſt + = ,00000002 3962 


＋ e == ,058000004327J | Tc. 
1+ e = 000009024327] = 4. Or rather New » for a ſecouiy 
Operation. | 4 15 | 


Now if this firſt V. alue of 4 = ,000000024327 were not al 


tinu d to more Places of Figures, by a ſecond Operation, but 0 


multiply'd into the Number of Chords. | 

Viz. - ,000000024327-X 258280326 = 6, 28318639, &c. W 

Periphery of that Circle whoſe Diameter is 2, nearer than cul 
Hs 4 AAlchimede 


— m — —— — 
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ichimedes or Mztius's Proportion: For Archimedes makes it 
6.285714 Kc. VIZ. As 7 To 22, And Mætius makes it 
; 28318584 &c. Viz. As 113 TS 35% --- 

But if the whole Æquation before propos d, be now taken; 
ind we proceed to a ſecond Operation, the Value of a may be 


wreasd with twelve Places of Figures more, and thoſe may 
be obtain d by plain Diviſion only. 


Thus, let r ＋ e 4, as before; and let all the Power: 
fe be now rejected as inſignificant. 


I eg 4 | r + gr, = 45 

5 7 + 3r*e = 4 Er 4 ＋ IIT » e — 411 
ben will ri + grie=4" And 11 ＋ 127 6 = 423 
| (r + grie= 4 rib 15 A's 
The ſeveral Powers of » = ,c00000024327 being raisd 


ind multiply d into their reſpective Co-efficients, will produce 
70% deeſe following Numbers, 


+ 1,047197581767 4 430467210? 
= 5 047849 196598394865 — 590075 ie | 
+ ,999655906484595355 + 134810e 
— ,090004281449413375 — 12322 
+ ,:00000016302517863 + (Ger =! 
— ,y99000000C040631167 — os | 
+ ,002000200300071388 + oe | 
— ,0C0000709000090093 — _ oe 


N 1 ,000000026474745106 + 37279554 = T 
Hence 37279554e = — ,©00000026474745106 = D 
Ot rather — 37279554e = ,09500c026474745106 = D 


. I > 
Jane). 03727955 © 


Operation. N 
37279554) ,000000026474745106( (,15} 710167967 =—e 
269956878 
37995730 | 

37279554 

62617660 

37279554. 

&c. 
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Laſt r = ,000000024327 "21; 
e = ,S000000000000007IO1 67969 


| e = 5, Oo00000 2432699928983 2033 — 1 | 
or Side of the Polygon gulf d. e e | 


The next Work will be to examine, liow ma ny Places of the 


Figures will hold true to the Circle's Periphery : In order to ta 


let 4 be repreſented by the Chord B b. tl | 
us ; and Tet Bx = xb, Then will e 
X=;4a= (7) 12163 4996449160165 P N 
And 0 10 DU BX U Ge, | RRP Io 
Let the Radius B C M as before. | 
Then will the y 0 BG RE Cx 
= ,9999999999999999 &c. 
utCx: hits; 75 
Or 3 enz: 
2 Dd 7) 243 2699928983 203 54 
che Side of the circumſcribing . ; | 
Then will 4 x 258280326 be the Y 
Perimeter of the inſcrib'd Polygon. 
And Dd x 258280326 will be the Perimeter of the (©. 
cumſoribing Polygon. VVV 
That is, 6, 283 1853071795859 = the Perimeter of the inſoil 
Polygon, 88 
And 6, 283 1853071795865 = the Perimeter of the circm- 
ſerib'd Polygon, © | 


Hence tis evident, that the Circle's Periphery, whoſe Dian 
ter 18 2, may be concluded 6,2831853071795364 true, it 
cauſe the Perimeters of the inſcribd and circumſcrib d Juhu 
are ſo far very near being co- incident, or the ſame. 

*Tis poſſible there may be ſome who will think this is tel: 
ous and troubleſom Work; but if thoſe pleaſe to conſia 
that if this Periphery were to be found by the aforeſaid Meth 


of Biſection, it would require theſe following Extraction. 


Vi2—vVi2+v:2+v:2+v:2+v:2t1% 
+V:2+vV:2+vV:2+v:2+v:2+v:2+0: 
Þ+V:2+v:2+vV:2+v:2+v:2+v:270: 
TV. 2 TV: 2 TY 2 TV: 24 V T V3 Mui, 
plyd into 402809984 Rs 


Here the firſt Root (viz. 3 mult be extrafted at wy 


a. 


Ce eee eee ee RC Cr ¶  CEOPIPY 


A 
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. /: 2+ v3) mult have 99 Places of Figures in it. The 
h * Root (viz. :2＋ % 2 ＋ vV 3) muſt have 96 Places in 
Ce. every Extraction being allow'd to decreaſe three Places, 
Nat ſo the laſt Root (viz. the Chord ſought ) may conſiſt of 
Places of Figures, as above. | 
| fay, who ever duly conſiders the Trouble of theſe fo often 
gated Extractions, will, I preſume, be pleas d with what J 
ve done. For t uly when I confider of the great Time and 
are requir d in them, I cannot but admire at the Patience of 
he Iaborious Van Culen, who proceeded that Way until he had 
ound the Circles Periptery to thirty ſix Places of Figures, to 
brit, 6,283 18 5307179586 4769 252867665590 576. 
| Theſe Numbers are ſaid to be ingraven upon his Tomb-ſtone in 
bs Perer's Church in Leyden, for a Memorial of ſo great a Work, 


Having thus obtain d the Circle's Periphery, its Area may ea- 
iy be found (to the ſame Number of Figures) by Problem 6. 

| That is, if half the Periphery of any Circ'e be multiply'd in- 
o Half its Diameter, the Produti will be that Circle's Area, 
bas will appear farther on. Therefore 3,141592653539793 


Iwill be the Area of the Circle whole Diameter is 2. 


| Thus I have ſhew'd the young Geometer how to find the Cir- 
cles Periphery and Area to what Exactneſs he pleaſes to ap- 
prdach; for preciſely true they cannot be found, notwithſtanding 
the late Pretenſions of a certain Frenchman, who hath publiſh'd 
Eto the World, (in the Worts of the Learned) that after twenty 
five Years Study he had found the Quadrature of the Circle: But 
i he had perus d the 83d Chapter ol Dr, Walls's Algebra, he might 
| there have feen his Error, vie. the Impiſſibility of what he pre- 
| tended to; for it is as impoſſible to iquare the Circle (that u, 
i fl its i ue Area) as it is to find the Root of a Surd Number, 


Note, What 1 have here propoſd and done by the Triſeclion 0: 
n Arch, may at eaſily and much more ſpeedily be perform d by 
| Quingueſetion or SeptiſeFtion, $2. But becauſe the Scheme for Tri- 
elko is more fimple, and may be eaſier underſtood by a Learner than 
1 ##9/e of the other Sections, ( of which ſee my Compendium of Algebra, 
He, 76 and 79.) 1 have for that Reaſon made choice of Tri ſection. 


As to the Proportion of one Circle to another, and of the 


erde to the Elipfs, Cc. thoſe ſhall be fully lhew'd when 
e come to the fifth Part. FLY 5 


14 Before 
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Before I conclude this Part, I ſhall make fome Uſe or Appl 
cation of the above-found Periphery, in finding the Quantity o 
Angles which is done by the Help of right Lines, call'd Sine 
and Tangents, the Length whereof are calculated to every Degree 
and Minute of a Quadrant, by much Labour. But I (hall here 
ſhew how to find the natural Sine ( and conſequently the natural 
Tangent) of any propos d Arch or Angle, by two e/Equatinn,, 
without the Help of any precedent Sine as uſual ;- which I did 
ſome Years ago communicate to the ingenious Mr. Fofeph Raph- 
fon, and he fo well approv'd of them, as to make them the 20 
and 21 Problems in the ſecond Edition of his Analyſis e/Aquato p 
num Univerſal, | | 5 
And becauſe in finding the Quantity of Angles, every Circ 
is ſuppos d to be divided into 300 equal Parts, call d Degrees; 
every Degree is ſub- divided into 60 Parts, call d Minutes; and \ 
every Minute into 60 Seconds, &c. (vide Page 29a.) 1 
Therefore 360) Ne (0,0 174532925 Oc. is an 
Arch of the above- found Periphery, equal to the Arch of one Degree. 
And 60) 0,0174532925 &c. (0,c00290888 2 &c. S the 
Arch of one Minute. | 
Then if the given Arch (or Angle) be leſs than 45 Degrees, 
reduce it into Minutes, and multiply thoſe Minutes into this con- 
Rant Multiplicator, viz. 0,0002908882 calling the Prodwlt p. 
And for the Sine fought put a, Then it will be 
— aaa + 12padaa 1954 — 36pHAA + 2404 = 450. 
1 Example. f 
Let it be requir d to find the Sine of 19˙ . 131 11537 
Here o, ooo 2908882 X 1153 , 3353940946 = p. 
And —4 + 4, 0247294 — 199, 4961 144 ＋ 80, 4945834 = 


= 5506201394. ( 
, Let „ + eg — 4 
rr + 2re + ee = aa ' 
Then J rrr + 3rre + 3ree = daa 
rrrr & qrrre + 6rree S aaaa 


Note, In this Caſe the firſt r may always be taken equal to the} 
firſt Figure in the Product = p. Viz. here r = 0,3 which being 
ind ol d as its Powers direct, and thoſe Powers multiplyd into the | 
reſpective Co-efficients of the Equation, it will be 


+ 24,1483 + 80,49: | 

— 17,9144 119, 43e — 199, 56e __ 

0 o, 1080 * 108 * 2. = Ji 
— 00,0081 — cle — O, See 


Vis. 6,3344 — 37 97e = 19 ee = 500 201 kuce 


— oY 


lip. Of the Cirele's Perſphery, cc. 351 


— 
pl; 
0 
ne 


lat = 0,329 Kc. 


eſe _ 45 Degrees, 


Hence 37,97e ＋ 195,97ee = 1,27239 
And o0o,193e + "» = * =D 


Themem Lz 93 + 


Operation, 0,193) 0,0c6492 (0,029 = e 
E = 029 42 
1. Diviſor „21 2292 


2. Diviſor 

Fiſt r = 0,3 
＋e = 0,029 
r+e=0,329= ur for a ſecond Operation, 


Which being invold d and multiplyd, Te. as before, will 
nduce theſe Numbers. | 


+ 26,4$271781 + $0,4945$e 

— 5 4577 — _ 132974646 — 199,0496ee 

+ 0,1433257 1,3069, P 3,9724 

— 01171611 — 0, I4244e — 0,6494ee 

u. 5,0689985 — 49,315 58e — 195, 726556201394 
Hence 49,3158 + 195, 26 6e = ,0c6984.6 which being 

divided by 195, 7266 the Creſfcient of ee will 1 


„25 1966 + ee = 50000356864 = 


„222 1998 


D 
Then 12 + e 
Operation. 0,25196) 00200356854 (o, 0001416 = * 
Þ+ e = 0,00014 2520 
. Diviſor O, 2520 104854 
% Diviſor 0,25 210 100840 
40140 
25210 


= , 001415 


eg 4 03291415 being the natural Sine of go- 13/. 
As was requir'd. 


Thus you may find the right $ Sine of any Arch or Angle, 
Put 
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hut if the given 4 be greater than 45 Degrees, you mull 


take its Complement to 90. viz. ſubſtract it from 90 Degre 
and reduce the Remainder into Minutes, as before. 

Iden wnultiph the Square of thoſe Minntes into this cn 
Multiplicater, 0,00000C084616 calling their Prodact p, an- 
putting 4 = the Sine ſought, as before. Then will 


4. + 284) ＋ 19544 ＋ 3654 + 108pa — 284 196 — 81 


Example. | = 
Suppoſe it were requir d to find the Sine of 75*.32/. Orc ahi) 
2 the Five thing) to find the Co-ſine of 145. 280. = 868“ _ 


Square 753424 & C,005000084616 = 0,06375172518 — 
1 the eAquation in Numbers will be, ? 1725 p 
add d + 28444 ＋ 197,295060244 — 21.114814 
= 190, 8361102588 


Let „ And 21 
Ir — ꝛ2re +ee—a 
Then prrr — 3rre + Zree = 444 
rrrr — grrre + Grree = ada 


Note, I here take — 7 becauſe the Arch 25 ſo near to 90", 
and therefore I make it r — e = 4. 


- 21,1148 + 21,11e 

197,2950 — 394,59e ＋ 197,29: ( . 
Then 15 28,0000 — $84,00e + 84,c0ee oP 91350 
+ 0000 — 4,008 + 


| 2 6,00ee 1 io 
Viz. 205,1808 — 461,48e + 287,29ee = 190,$361. 


Hence 461,48e — 287,29ee = 14,3447 
And 1,606e — ce = 049930 = Th 


| "a 
. e — —— — 
Th Yen Ty — e 2 


Operation 1, 606) 049930 (9,031 = e 
—e =0,031 471 


1. Diviſor 1,57 2830 Firſt 1 = 1,000 
2. Diviſor 1,575 1575 — Ce = 0,031 


3 7 —e = 0,969 = 
for a ſecond Operation; which being involv/d as before, wil 
produce theſe following Number. 


— 20% 


1 


anc 


ol 


— 


7 
ul 


hap. 6. Of the Circle's Periphery, &c. 353 


7 20, 460254766 ＋ 21,1148 fe 
＋ 185,252368710 — 382, 3578 3e ＋ 197, 295 fee 


+ 25, 475889852 — 78,8727 2e + 81, 596 ee 
+__0,881647759 —  3,63941e L 2337er 


Pie. 191, 49651515 — 443,5 5186 F 284,5248ee =" 
= 190,836110259 


Hence it will be 443,75515e —284,5243ee =0,313541256 
And 1,35963e — ee=,0011019821 = D 


D 
Tin) aa 
Operation. 1,55963) 0,001 1019821 (, 007068 Se 
. * —e= 0,00070 109123. 
. Diviſor 1,5689 1075210 
2 Diviſor 1, 55893 935358 
i 393520 


Tit , 969 
. = 0,0007c68 | 
r—e=4 = 0,9682932 the Sine of 755. 32“ as was requir d. 


[247144 K. 


Having found the Sine and C. ſine of any Arch, the Tangent 


1s uſually found by this Proportion. 


Via, $ 4s the Co-ſine of any Arch: is to the Sine of that Arch : : 
* UL ſo is the Radius: to the Tangent of the ſame Arch. 


For ſuppoſing B C D Radius, AC the Sine of the Arch 
CD. Then BA dis the Co-ſine, and : = 
FD the Tangent of the ſame Arch. ae 
but 3A: CA:: BD: FE D, &c. 7 


Now by this Proportion, there is 


r:qur'd to be given, both the Sine 'þ 
and Co-fine of the ſame Arch, to EL 
find the Tangent. 5 


Tis true, if the Radius, and 
eicher the Sine or the Co-ſine be given, the other may be found 


Thus, y © BC— U CA=BA. Or v 0 BC— BAA. 


But if either the Sine or C-/me be given, the Tangent may 
II peſame) be more eaſily found by the following T reorems. 
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OY RY CA =— S. B A = x. int FB II 
Then if S be given, 7 may be found by this | 


. 
1 Theoꝛem Ad 1— 5 7 
Or if x be given, 7 may be found by this 


Theoꝛem 1 V 


XX 
L— XX 


—=T7 
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| Example. 
Let the Sine of 19“. 13'. (before found) be given, 
iz. 0,3291415 = S. Io find 7 the Tangent of the ſame 4, 


Firſt o, 3 291415 K „3291415 , 108334127 . _ 
Again 1 — , 108334127 =0,891665873 = 1 — SS. 


Then o, 891665873) 0, 108334127 (0,1214963253 
And .o, 1214963253 = 0,3485632 =T, the Tangent i — 
of 19*. 13“. as was requird. Sn 
And ſo you may proceed to find T = the Tangent, when 


x = the Co- ſine is given. 


Perhaps it may here be epected, that I ſhould have ſhewd 
and demonſtrated (or at leaſt have inſerted) the Proportions from! 
whence the foregoing e/£quations for making Sines were pre i 
ducd ; but I have omitted that, as alſo their Uſe in computing 
the Sides and Angles of plain Triangles by the Pen only (viz I. 
without the help of Tables) for the Subject of another Diſcaurſe N « 

| hereafter, if Health and Time permit. « 

In the mean Time what is here done may ſuffice to ſhew, . 
that the making of Sines by ſuch a laborious and operoſe Way, W « 
as was formerly us d, is in a great Meaſure overcome, which I « 
I think 1 may juſtly claim as my own. 0 
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Of Definitions. 
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P an 1 . 


SAA 
Definitions of a Cone, and its Sections, 


Niere are ſeveral Definitions given of a Cone: The learned 
Dr. Barrow upon Excli hath it thus: 


« A Cone ( ſaith ke) is a Figure made, when one Side of a 


© Rectangled Triangle (viz. one of thoſe Sides that contain the 
night Angle) remaining fix'd, the Triangle is turn'd 
* round about, till it return tothe Place from whence it firſt 
* mov'd. And if the fix'd right Line be equal to the other, 
* which containeth the right Angle, then the Cone is a Rect- 
* zngled Cone; but if it be leſs, it is an obtuſe angled Cone; 
if greater, an acute angled Cone. The Axis of a Cone, is 
* that fix'd Line about which the Triangle 1s mov'd. The 
* Baſe of a Cone is the Circle, which is deſcrib'd by the right 
* Line mov'd about, (Defin. 18, 19, 20. Euclid. 11. | 

Sir Fonas Moor, in his Treatiſe of Conical Sections, (taken out 
of the Works of Mydorg ius) defines it thus. 

If a Line of ſuch a Length as ſhall be needful, hall upon 
* Point fix'd above the Plain of a Circle to move about the 
Circle until it return to the Point from whence the Motion 
begun, the Superficies that is made by ſuch a Line, is call'd 
" conical Superficies, and the ſolid Figure contain d with- 


Lin that Superficies and the Circle, is call'd a Cone. The 


Point remaining ſtill is the Vertex of the Cone, Fe. 


21 2 Altho 


Cu — A 
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Altho' both theſe Definitions are equally true, and, with i 
little Conſideration, may be pretty eaſily underſtood; yet] 
ſhall here propoſe one, very different from either of them, and | 
as I preſume, more plain and intelligible, eſpecially to a Learn, 

If a (circle deſcribd upon , if Paper (or any other pliable Ma- I 38 
ter) of what Bigneſs you pleaſe, be cut into two, three, or mote I wi 
Sectors, either equal or unequal, and one of thoſe Settors be ſo 
_ roll 'd up as that the Radius's may exactly. meet each other, it 4; 
will form a Conical Superficies, = 5 | 


That is, if the Sector H V G be 


cut out of the Circle, and fo roll'd 
up as that the Radizs'sV N and 


VG may ju{t meet each other in all of 
their Parts, it will form a Cone; and Wi 
the Center V will become a ſolid be 
int, call'd the *erter of the Cone, fo 


the Radins VA being every where 
- 112), will be the Side of the Cone; 
:- he A-ch HG will become a 
CG, whoſe Area is calld the 
Conc s baſe, | 


A ri9t Line being ſuppos'd to paſs 
from the Vertex or Point V, to the Center 
of the Cone's Baſe, as at C, that Line 
(viz. V) will be the Axis, or perpen- 

dicular Height of the Cone. 


If a Solid be exactly made in ſuch a 2 
Form, it will be a compleat or perfect 
Cone; wich Iſhall all along call a ritt 
Cone, becauſe its Axis “ C ſtands at 2 
right Angles with the Plain of its Baſe HG, 
and its Sides are every where equal. 


Any Come whoſe Axis is not at right Angles 
with the Plain of its Baſe, may be properly 
call'd an izperfect Cone, becaule its Sides are 
not every where equal (as in the annex d Fi- 
gure). Now, ſuch an imperfect Cone is u- 
10ally call d a Scalene or oblique Cone. 


r = = . 


. 
* 
„ 


ny ſolid Cone may be cut by Plains, (which J ſhall al 


along hereaſter call 1ight Lines) into five Sections. 


Stth 


V. 
0 


t! 


ö 
b 
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Sect. 1, 5 
If a right Cone be cut directly thorough its Axis, the Plain 
or Syperficies of that Section will be a plain Iſſceles Triangle, 
1s HV G Figure 2. viz, the Sides (HV and G) of the Cone 
will be the Sides of the Triangle, the Diameter (HG) of the 
Cone's Baſe will be the Baſe of the Triangle, and ) its 
Axis will be the perpendicular Height of the Triangle. 


Set. 2. 


If a right Cone be cut (any where) ff by a right Line paral- 
ſe! to its Baſe, as h g. (it will be eaſy to conceive, that) the Plain 
of that Section will be a Circle, becauſe the Cone's Baſe is ſuch; 
wherein one Thing ought to be clearly underſtood, which may 
be laid down as a Lemma to demonſtrate the Properties of the 
following Sections. 88 
If any two right Lines inſcribd within a Circle, do 
cat or croſs each other (as bg doth bb in the an- 
nex'd Figure) the Rectangle made of the Segments of 
one of the Lines; will be equal to the Rectangle made 
of the Segments of the other Line, (vid. Theorem 15. 


Page zog.) 


That is, þ a * ga=baXa bY >, 
And HAN GABA ABF 


Len ua 


Conſequently if b 4 = a b. 
Then it will be, „4 xga=0Oba 
And in the Cone's Baſe HAG A=T BA 


Sekt. 3. 


It a right Cone be (any where) cut off by a right Line, that 
cats both its Sides, but not parallel to its Baſe (as T S in the 
ullowing Figure) the Plain of that Section will be an Ellipſis 
(onlgarly call d an Oval) viz, an Oblong or imperfect Circle, which 
hath ſeveral Diameters, and tuo particular Centers. That is, 


I. Any right Line that divides an Ellipfis into two equal Parts, 
8 call'd a Diameter; amongſt which, the bet and the ſhor- 
tet are particularly diſtinguiſh'd from the reſt, as being of 
moſt general Uſe; the other are only applicable to particular 


Caks, | 
2, Ihe 
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2. The longeſt Diameter (as 7 5 is call'd the Tranſverſe | 


Diameter, or Tranſverſe Axis; being 
that right Line which is drawn thorough Rs OO 
the Middle of the Ellipſis,; and doth ſhew 

_ or limit its Length 


3. The ſhorteſt Diameter, call'd the 
conjugate Diameter, is a right Line 
that doth interſect or croſs the * 

verſe Diameter at Right Angles, in the 
middle or common Center of the El- 
lipſ, (as Mn) and doth limit the 

Ellipſis Breadth. 


4. The two Points, which I call pn 
particular C:nters of an Ellipſis, (for a | | 


Reafon which ſhall be ſhew'd farther on) are two Points in the 


tranſverſe Diameter, at an equal Diſtance each Way from the 
conjugate Diameter, and are uſually call'd Nodes, Focus's, 
or burning Points. ONT 


5. All right Lines within the Ellipſis that are parallel to one 


another, and can be divided into two equal Parts, are calld 
Oꝛdinates with reſpect to that Diameter which divides them. 
And if they are parallel to the Conjugate, viz. at right Angle: 
with the tranſverſe Diameter, then they are call'd Ordinate 
rightly apply'd. And thoſe two that paſs through the Focus 
are remarkable above the reſt, which being equal and fitus- 
ted alike, are call d both by one Name, viz. Latus Beitum, 
or right Parameter, by which. all the other Ordinates are uU 
lated and valu'd ; as will appear farther on. 


Seft, 4. 


If any Cone be cut into two Parts, by a right Line parallel to 
one of its Sides, (as S A in the following Scheme) the Plain of 
that Section (vis. SbB ABbS) is call'd a Parabola. 


1. A right Line being drawn through the middle of any Pe- 
rabola, (as S is call'd its Axis, or intercepted Diameter. 


2. All right Lines that interſect or cut the Axis at right Au- 

gle, (as BB, and bb are ſuppos'd to cut or croſs S & are call d 
rdinates rightly apply'd, (as in the Ellipfs) and the greateſt Or- 

. dinate, as B B, which limits the Length of the Parabola's Arts 
is uſually call'd the Bafe of the Parabola, 


3. That 


— 
; 


ſe 


23 
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3. That Ordinate which paſſes through the Foczes or Burn- 


ing Point of the Parabola, is call'd the 
Lans Rectum, or right Parameter (as 
in the Ellipfis) becauſe by it all the 
other Ordinates are proportion d, and 
my be found. 


4 The Node, Focus, or burning 
Pint of the Parabola, is a Point in its 
Axis (but not a Center as in the Ellipſis) 
litant from the Yertex or top of the 
Kction, (viz. from S) juſt one fourth 
Part of the Latus. Rectum; as ſhall be H 
bew d farther on. 


. 
„ 
7 
999970 


5. All right Lines drawn within a Parabola parallel to its 
Axis, are call's Diameters; and every right Line that any of 
thoſe Diameters doth biſſect or cut into two equal Parts, is ſaid 
to be an Ordinate to that Diameter which biſſecls it. 


Sekt. 5. 
If a Cone be any where cut by a right Line, either parallel to 


its Aris, (as S A. or atherwiſe as x N.) ſo as the cutting Line 


being continu d through one Side of 
the Cone, (as at S, or x) will meet 
rith the other Side of the Cone, if it be 
continu'd or produc'd beyond the Ver- 
ex V, as at 7. Then the Plain of 
that Section (viz. the Figure d bBBbS) 

8 call'd an H perbola. 


1. A right Line being drawn tho- 
tough the middle ofany Hyperbola, vix. 
within the Section, (as S A, or x Mis 
call d the Axis or intercepted Diame- 
; (as in the Parabola) and that Part 
of it which is continu d or produc'd 27 
but of the Section, until it meet with! / J 
the other Side of the Cone continud, 1 1 
d. T6, or T x, &c. is calld the 
tranſverſe Diameter, or tranſverſe Axis of the Hyperbola. 


2. All right Lines that are drawn within an Hyperbala, at 
ght Angles to its Aris, are call'd Ordinates rightly apphy'd ; as 


un the Ellipfs and Parabola, 3. That 
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2. That Ordinate which paſſes throngh the Focus of the H 
erbola, is call'd Latus Rectum or right Parameter, for the (an 
caſon as in the other Sections. 1 


4. The middle Point of the tranſverſe Diameter js call! ' 
the Center of the Hyperbo'a, from whence may be drawn 3 
right Lines (out of the Section) call'd Aſymptotes becauh 
they will always incline (tat is, come nearer and nearer) tif 
both Sides of the Hyperbola, but never meet with (or touch 
them, altho' both they and the Sides of the Hyperbola wel 
infinitely extended; as will plainly appear in its proper Place. 


Theſe frve Settions, viz. the Triangle, Circle, Ellipſu, Par 
bola, and Hyperbola, are all the Plains that can poſſibly be pre 
duc'd from a Cone. But of them the three laſt are only call 
Conick Sections, both by the ancient and modern Geometer,, 

| Scholium, 

Beſides the foregoing Definitions, it may not be amiſs toll 
add by Way of Obſervation, how one Section may (or rather 
doth) change or degenerate into another. - 

An Ellipſis being that Plain of any Section of the Cone, which 
is between the Circle and Parabola, it wilt be eaſy to conceive 
that there may be great Variety of Ellipſes produc'd from the 
lame Cone; and when the Section comes to be exactly parall 
to one Side of the Cone, then doth the Elipſit change or depen 
rate into a Parabola. Now a Parabola being that Sectiun whoſe 
Plain is always exactly parallel to the Side of the Cone, cannot 
vary as the Ellipſis may, For fo ſoon as ever it begins to mo 
out of that Poſition, (viz. from being parallel to the Cone's Sidi 

it degenerates either into an Ellipſis, or into an Hyperbola, That 
s, if the Section inclines towards the Plain of the Cone s Baſe, i 
becomes an Ellipſis; but if it incline towards the Cone s Vertex, 
it then becomes an Hyperbola, which is the Plain of any Kin, 
that falls between the Parabola and the Triangle. And there 
fore there may be as many Varieties of Hyperbola s producd 
from one and the fame Cone, as there may be Ellipſes. 
Io be brief, a Circle may change into an Elipſu, the Elif 
into a Farabola, the Parabola into an Hyperbola, and the Hip 
bola into a plain Iſoſceles Triangle. And the Center of the Grit 
which is its Focus or burning Point, doth as it were part ot d. 
vide it ſelf into two Focus's fo ſoon as ever the Circle begins to 
degenerate into an Ellipſis; but when the Ellipſis changes 1 
Parabdla, one End of it flies open, and one of its Focus nan 


. 
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1d the remaining Focus goes along with the Parabola when it 
egenerates into an Hy perbola. And when the Hyperlo/a dege- 
rates into a plain 1ſoſceles Triangle this Focus becomes the ver- 
point of the Triangle, (viz. the Vertex of the Cone.) So that 
he Center of the Cone's Baſe may be truly ſaid to paſs gradual- 
W through all the Sections, until it arrive at the Vertex of the 
ne, fill carrying its Latus Rectum along with it. For the Dia- 
later of a Circle being that right Line which paſſes through 
g Center or Focus, and by which all other right Lines drawn 
Within the Circle are regulated and valu'd, may (1 preſume) be 
roperly call'd the Circle's Latus Rectum; and altho' it loſes 
e Name of Diameter when the Circle degenerates into an El- 
ye, yet it retains the Name of Latus Rectum, with its firſt 
operties in all the Sections, gradually ſhortening as the Focus 
rie it along from one Section to another, until at laſt it and 
he Focus become coincident, and terminate in the Vertex of the 
me. 85 
| have been more particular, and fuller in theſe Definitions, 
han is uſual in Books of this Subject, which I hope 1s no Fault, 
but will prove of Ule eſpecially to a Learner; and altho' they 
may perhaps ſeem a little ſtrange, and at firſt hard to be un- 
derſtood, yet when they are well conſider d and compar'd 
with a Cone, cut into ſuch Sections as have been deſin d, they 
vill not only be fcund true, but will alſo help to form a 
true and clear Idea of each Section. 


wh CHAF. IC 
Concerning the chief Properties of the Ellipſis. 


„Note, If the tranſverſe Diameter of any Ellipſis, as T $ in the 
un flowing Figure, be inter ſected or divided into any two Parts by an 
” Ordinate rightly apply'd, as at the Points A, C, a, &c. Then 
M thoſe Parts T A, 70 T a, and SA, S C, Sa, &c. uſually 
ü eb Abſciſſa's, Cmbich ſigniſies Lines or Parts cut off ) and by 
. the Rectangle of any two Bſeiſe's, is meant the Rectangle of ſuch 
"iP 1 Parts, as being added together, will be equal to the tranſverſe 
mer, * | 


o Or Ta+$Sa=Ts, &c. 


Aa a 


a. —— 
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Section 1. V. 


I very Ellipfi is proportion'd, and all ſuch Lines as ik 


Lo it are regalated by help of one general Theorem, , 


24 A the Rectangle of any two Aſciſſa's : I; t oi 
The ) Square of half the Ordinate which divides then: 
Yeo. 5 Fo is the Rectangle of any other two Abſciſſas: . 
the Square of half that Ordinate which divides in 


N 

Thats, .---- 3 

TAX SA: BA:: Ia X A: N ba Pt 23 
TA x SA: U BA::TCxSC:ONC * Ae 

TC * SC: UNC: Ta x S: b \ . 
- &, -y 


* 


Demonſtration. 


Let the annex d Figure repreſent a right One cut throuth 

both its Sides, by the right Line JS; V 

then will the Plain of that Section 

be an Ellipſis, ¶ per Sect. 3. Chap. 1.) 

7 will be the tranſverſe Diameter 
nh N 0 b i b mw An Ordinates Nl 
right. apply d, as before. 9 A) 
3 if the Lines Dd and K & * 75 , 


1 
be parallel to the Cone's Baſe, they C, , 
will be Diameters of Circles (per FO ow 
 Seft.2, Chap. 1.) Then will ACX, N 


and TaD bealike. Allo ASad ee ee 
and ASCk will be alike. 


* 
50 
EN SEE IE ode Cp; IE UE 22es 
* » 
„ 4! 
PRI net ob  S 
% eee 


Ergo] 1 Sa: d:: SC: CI. | 

% 4 TC:CK::Ta:aD.S Per Theorem 13. 

JT 

2 KFS „ 
2 X 3 5 Sx Tx TaxCK—adxSC x TCX 40. per Axim}. 

ut X-C# =O 7 | 

And 7 aD x ad = N. em Sell. 2. 

Then for CK x Cl, and aD x ad. Take NM, and OV 
8, 6,7, 8 Sa XK TAN HN CN SC x Nba. per Axiom i. 
Hence 9183 X T4: ¶ ba: : TCM SC: UNC. ob a 


7 „ Py 
. * — 
4 btn. the. aft * 22 —— — 
— 
=. 


> 


Ox 
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Or the Truth of theſe Proportions may be otherwiſe prov'd 
V Grcle, without the help of the Cone, Thus. | a, 
Let any Ellipſts be circumſcrib'd, and inſcribd with Circles, as 
thefollowing Figure. Then from any Point in the circumſcri- 

1 Grdles's Periphery, as at B, draw the right Line B a, parallel 
o the Semi-conjug ate Diameter INC, then will ba be a Semi-Ordi- 
ae rightly app d to the tranſverſe Diameter J S. as before. 
Again, from the Point h, (in the Ellip/ys Periphery) draw the 
pit 118 d, parallel to the Tranfoerſe T S. And dray the 
Rain B C. | 


hen will Id, and Cf A be alike 


SC: B34: 040 1 N * 
herefore | 1 15 Theorem 13. e os bo, 
Put * and ba — d C / 7 2 185 | . N 
, onſeg. 3 C: BA:: M: ba | 4a 17 
Or [4]JTC:NC::Ba:ba „ 
4in 5 r :: Ba: ba . 
. (T4 X $4 = [1B 8 
ugh Fut n Mer Lem. Secl. 2. ap. I. | eee e 
| F Tax S4: la:: TC SCS DTC: UNC. 
Therctore 7 As before. 0 


And ſo for any other Abſciſſa's, and their Semi-ordinate. 


Theſe Proportions being found to be the true and common 
Properties of every Ellip/is, all that is farther requird in (or 
about ) that Section, may be eaſily deduc'd from them. | 


&, 2. To find the Latus Rettum, or Bight Parameter of n 
Ellipſis. | 


There are ſeveral Ways of finding the Laus Rectum; biit I 
tin none ſo eaſy, and ſhews-it fo plainly to be the ird 
principal Line in the Ellipſzs, as the following Theorem. | 


As the tranſverſe Diameter: Is in Proportion to the 
Theoxem J Conjugate : : So is the Conjugate : To the Laus 
Reflum, 1 8 | 


Vie. (in be following Figntg) T'S: Nu :: Nu: LR the Latus Ret u. 
Demonſtration. 


„Fim the laſt Proportions take either of the Antecede its, and 
D. Ns Cunſequent, viz. either TC x SC: UNC. OxTa X S4: ba 


Or | Aa 2 and 
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and make 7 S the third Term, to which find a fowth Pri. 
tonal, and it will be LR: | a fourth Prop 


Thus ber TCS. L 
| =0 | 
> Bun [And NC=Cn 
Therefore[z JT Cx SC= ADS 
Andi d NC A 
1, 3, als CTS: HAN:: TS. LE 
5 Z [FOTSXER=ONnxTS i 
6 X 4/7 [DTS LR= NANA xTS n 
+ 58 Fen DA | 
7 Which gives the following Analogy. 
Vix. o 31 5 Nn:LR | 
„ CX SC: NC: : Ta x Sa: Obs 
Again 1 Per common Properties. | 1 
1, 10IIT S: LR: : Ta X Sa: Oba 


8 
* 
» 
. 
. 
o 
PS. 
w 
* 0 
* 


From hence it's evident, that L R thus found, is that Od. 
nate by which the other Ordinates may be regulated and found. | 
Therefore (according to its Definition Sect. 3. Chap. I.) it is the 


| Conſectary. : 

Hence it follows, that if the tranſverſe and conjugate Diant- 
ters of any Ellipſis are given (either in Lines or Number.) 
the Latus Rectum may be eaſily found; and then any Ordinat, 
— Diſtance from the Conjug are is given, may be found, 2 
above. | | 

Sect. 3. To find the Focus of any Ellipſis. 
The Focus is the Diſtance of the Latus Rectum from the Cow 
gate or Middle of the Ellipfs, (vide Definition 4. Page 358) 
And that Diſtance is always a mean Proportional between the 


half Sum, and half Difference of the tranſverſe and conjugat 
Diameters, Winch gives this Theorem. | 


| From the Square of hal f the Tranſverſe, ſubſrafi th 
Theozem, O 59#47e of half the Conjugate ; the ſquare Rot 0 
| fe ) their Difference will be þ Diſtance of each Fat 
| C from the middle or common Center of the Ellipſi. 
That is, ſuppoſing the Points f, and E, to be the two Firs, 
viz. fC= CF, and TC TS. NC = :Nn. Ih 
DC NE: C:: FO; T.C— AC, Ergo CFC = OTC-ON 
- Conſequently, FC@zv OTC ONG 


$4 «i 
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1 


. Demonſtration. | PH 
FirſtſiT S & LR = O Nn. Per 8 Step of the laſt Proceſs. 
1217 S:LR::TEXSF: LF, Per common Properties. 

hat is, 3 TS: LR :: TCTCF XTC CF:à2 LR ALF 
DC- CFN LR ot 


5 LR X TSS OTC— CF 5 


6% D¹ C= OTC — OF. F ol 8 
5 = BOCF=OTC— UNC | 
Igw , F = Y ICN NC B — K 


Now from hence is deduc'd that notable Propoſition, upon 
which is grounded the uſual Method of deſcribing an Ellipſis 


ec. 


and drawing of T angents, &c. 


| If from the two Focus's of any Ellipſis, there be 

propolltion ( drawn two right Lines, ſo as to meet each other 1n. 

1 (2 Point * the Ellipfis's Periphery, the Sum of 
thoſe Lines will be equal to the Tranſverſe, 


ie. f N4+NF=TS.. fL + LF=TS. Or f B BE=TS &c. 


Demonſtration. 
al 18 OCF+ONC=DTC N 
1 12 Sth of the laſt. | 


| DCF UNO DNF 
But 2 Per Theorem 11. 


„ 2 .IrONF= OC 
1 : F "Pp 
3% 2] 4jNF—TC 


3 
ce [2NF=2TC=TS 2 
Again] 5 TS: Lx :: TFXFS: NLF. Per common Properties 
SS: LI: TF&X FES: ULF 
f But TSS FTC. And LX LF 


'W #20 y TC: LFE:; TCT CFPXTC -CF: OLE 

, 7 I: 8ITCxXLF=oTC—ACF | 
But] ofOfF+ NLF L per Theorem 11. 
That is, 104 CFT OLE NFL for 20 F fF 


S* 4[u[47CxLF=4OTC—4nCcrF 
MN Priſon TCH OLE=4TCx LF: + ofL 


2 =lizl4nTC;—47Cx LF: +OLE=OfL 


1 
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—— 


14+LF15]2T C=f L + LF But 2TC—=TS | 
| Ergor6lf L + Lf=TS Eos Q E. D. 7 


And this Propoſition muſt needs hold true to every Print nil 
the Ellipſis Periphery, viz. at B, Oc. as will evidently ape 
pear to any one who rightly conſiders, That | 

As a Thread juit the Length of the Diameter of any (ir 
having its two Ends ty d together, and then wov'd about ; 
Point in the Center, (viz, by making it a double Radius) wil 
by drawing another Point in its Extremity, deſcribe the Peu. 
phery of a Circle ( vide Definition Page 280.) Even fo, 

If a Thread juit the Length of the tranſverſe Diameter (T5) 
have its :wo Ends ſo fix'd upon the two Focus s, (f and F) y 
that it may be mov'd about them, by drawing a Point in its 
Extremity, (viz, at its full Stretch) it will deſcribe the tn 
\ Periphery of an Ellipſis. 

Now although this eaſy Way of deſcribing, or, as uſually 
phras'd, drawing an Ellipſis, be Mechanical, and known even 
to molt Joyners, Carpenters, &c. yet it gives as compleat and 
clear an Idea of that Figure, as any other Way whatſoever; 
and by deſcribing it thus about its two Focacs, as a Circle i; 
about its Center, doth plainly (hew thoſe tuo Points are not in- 
2 call d particular Centers in Definition 4. Sect. Ch. l 

or each of them bears muchwhat the ſame reſpc-i to the 
Ellipſis Periphery, as the Circle's Center dath to its Periphery, 


Sect. 4. To deſcribe or delineate an Ellipfis ſeveral Ways, 


There are ſeveral other ) Ways of deſcribing an Ellipþs, both 
Geometrically and Numerically, according to peculiar Occaſions; 
but T ſhall-only mention two or three of them, leaving the rel 
to the Learner's Cenius. Now in order to that Work, it will 
be convenient to conſider what Lines are requiſite to limit ot 
bound its Form, which I take to be chiefly theſe following. 


1. If the Tranſverſe and Conjugate are given, the oe | 
perfectly limited, (vide Conſeclary Page 363.) For if 15 
and Mn, be ſet at right Angles in their Middle at C, and 
T Cor CS, be fer iff from N, or n, both Ways upon the 
Tranſverſe to f and F; (viz. make f N T C=NF) te 
will thoſe Points f and F, be the two Focus's, (Per 4th 57 o 
the laſt Proceſs) and then the Ellips may be deſcriba a 
RE. Li * 
| | 3 
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2, If the tran ay Diameter and Latus Rectum are given, 
ee Ellip/ is truly limited, becauſe by them the Conjugate may 
. D x found, per Seck. 2. | | 

„ 3. Or if only the Tranſverſe, and the Proportion it hath, 
ther to the Conjugate or Latus Rectum, be given, the Ellipfs 
; thereby limited. As for Inſtance, ſuppoſe the given Ratio 
xetween the Tranſverſe and Conjugate to be, As a: Tod; 


| Sx A 
it 2 u. 4d :: TS: Nu, then > \ = N n, &c. 
vill | | | : 
en. 4. If either the Tranſverſe, or Conjugate, and the Diſtance 


if the Focus from the Conjugate be given, the Ellipſi is limited, 
xcauſe by them the Conjugate or Tranſverſe may be found. 
Theſe being premis'd, and the precedent Work a little conſi- 
der d, it muſt needs be eaſy to deſcribe or delineate any Ellipfs 
ue in Plano, either Geometrically or Numerically. BOY 


ll 1, Io deſcribe an Ellipſis Numerically by Points. 


ren WF Suppoſe the tranſverſe Diameter J S = 20 and the Conjugate 
nd n S 12, (either Inches or any | 
er; Naber equal Parts) and let them 
18 Wieſe each other at right An- 
"% les in their Middles, as in the 
. Toint C. | 
ue WW Then will 7 C = CS = 10. 

And NC = Cn = 6. | 
And it will 25 : 12 5: 12: 7,2 
= the Latus Rectum. | 


Again 20 : 7,2 Or rather take their Ratio. 
7 x : 0,,6::10 +1 X10—1 : Qa. 1. 
us 


1: 0, 36:: 10 ＋ 2 X 10 - 2: Uh. 2. 

I : 0,6: : 10 +3 X 10 — 3: U. 3. Se 
(100-1 X, 36 = UA. 1. Hence VK, 365, 7 &c. 4.1 
RY 100 4 N, 36 Nb. 2. 96,36 =, 88 cc =b.2. 
[00—9X9,36=14:3- V 91 £0,36=5,72&c.=d.z. 

If ſo many Semi-ordinates as may be thought convenient (the 
more the better) be found in this manner, and every one of them 
be ſet of at righe Angles from its reſpeCtive Point in the tranſ- 
terſe Diameter each way; viz. from 1 to 4, from 2 to b, 
from 3 to 4, &c. Then if a Curve Line be carefully drawn 
With an even Hand, through thoſe eætramm Points 4, b, d, &c. 
will be the EV/ipſu Periphery requir d. 


2. To 
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2. To deſcribe an Ellipſis Geometrically by Points. 
Having the tranſverſe and conjugate Diameters given, vis, Ty 
and Mn, plac'd at right Angles in their Middles, as befor 
Then fiom either End of the conjugate, viz. M (or n) (i 


off half the tranſverſe Diameter 


to x. That 15, make Nx=TC N. 4 
(continuing the conjugate Nn, when ants au) 5 
it is ſhorter 0 _ Or, which bb | AR | 
is all one, make Cr =7C—NC, Ti e ; 
Then take any Point in the Line 2 e E 4 
* 0 G 
Cx at Pleaſure. Suppoſe it at G, = 1 | 
and from that Point at G, ſet e 
off the Diſtance C & to the n 


tranſverſe. as at E, viz. make GE—= Cx, aud jon the 
Points GE with a right Line, produc'd ſo far beyond E, x 
to make EB NC. Conſequently G B — T C. 

Then, I fay, that where-ever the Point G was taken between 
C and x, the Point B will juſt touch (or fall in) the Ellis 
Periphery. eo | 

„„ Demonſtiation. 

Draw the right Line. B A Perpendicu'ar to T. Vi 
Let BA be a Semi-ordinate rightly apply'd to the tranſoerſt Ne 
Diameter T S. Then AGCE and ABAE will be alike. e 


3 | | 0 
Conſequen. | 1[CE: AE :: EG: EB Per Theorem 13. 
1, And] 2|CE+ AE: AE::EG+E B: EB. See Pag. N 
But 3ICE + AE=CA. EG+EB=TC AndEB=N K 
Therefore] 4}1CA:; AE: : TC: NC © 
6, in 0 5 OL Qs: OTC: ONC | 
W | 
But 7JOPNC— DAB = DAE. 
That is, nn OTE — DAE | 
6, 718 2 EE = ONC— As | 
S* f 9ACA* ONC=DONCx OTC —Dn4Bx070V 
ie PMX HTC: HCA NC HAN | 
10, Analogy IIIOTC: DONC:: C- HCA: 045). 
That 1s, 12 FC CS: UVC: : 1 C+CAxTC—(CA: 04 


Which is according to the common Properties of the Elli 
Therefore the Point B 1s tiuly found. ED. 
| om | / * | 


Hence 
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Vence it follows, that if a convenient Number of ſuch Lines 
«6G E B, be ſo dramn (as above directed) from the like Num- 
wr of Points taken between C and x, &c. their extream 
pints (as at B) will be thoſe Points by which (with an even 
1nd) the Ellipſs may be truly deſcrib'd, as before. 

But if this be well underſtood, it will be very eaſy to con- 
ive how to deſcribe an Ellipſis very readily, without drawing 
hoſe Lines, by having a thin freight narrow Ruler juſt the 
mth of 7 C, made ſomewhat ſharp at both Ends, upon 


I 


if the Point upon the Ruler which repreſents E, be gradually 


he Point or End repreſenting G be kept ſliding cloſe along 
he conjugate Nn. tis evident from the Work above, that the 
End of the Ruler repreienting B, will, by that Motion, afſign 


a Mile true Periphery of the Elliphs requir d. For by that Marion 

he freight Edge of the Ruler doth ſupply an infinite Number 
en of the atorc{ail Lines, as will appear very plain and eaſy in 
3 WW raftice, 1 | * 


Scholium. 


commonly call'd the elliptical Compaſſes, being uſually made 
of Braſs, and compos'd of three Parts, two of which repre- 
ſent (or rather ſupply) the tranſverſe and conjugate Diametcrs 
lt together at rig! ngles; and the third Part is a moveable 
Auer, which performs the Office of the laſt mention'd thin 
luler. But becauſe the making of it is ſo well known to moſt 


_ ingenious Artiſt Mr. John Rowly, Mathematical In- 
Hument-Maler under St. Dunſtan's-Church in Pleetſtreet, 
London; who, for his great Skill in contriving, framing, and 


lope. I think it needleſs therefore to give a particular Deſcrip- 
lon of that Inſtrument, Hes | 
Alſo from hence came that ingenious Invention of making 
Engines for turning all Sorts of elliptical or oval Work, as ov: 
Boxes and Pictare-Frames, &c. . 


ce B bb Seck. 


rhich, from one of its Ends, ſet off the Length of NC. Then 


x eaſily d along the tranſverſe T S, and at the ſame Time, 


Now from hence was deduc d the firſt Invention of that well 
contriv d Inſtrument for drawing an Ellipſis by one Motion, 
Mathematical Inſtrument-Makeis, Eſpecially to that accurate 


graduating all kind of Mathematical Inſtruments, may, I le- 
lere, be juſtly calld one of the beſt Work-men of his Trade in Fu- 


mieter 75, and its conjugate Mn. 


ther inthe common Center, or Middle of the Figure, as at C. 
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Sect. 5. Any Ellipſis being given, to find its Tranſverſe % 

g Conjugate Diameter. | 
Suppoſe the given Ellipſs to be 7 NSN (in the annex} 

Sckeme) in which let it be requir'd to find the tranſverſe Dix 


Draw within the El/ipfs any two right Lines parallel to each 
other, as Hh and Mm; and | 
biſet thoſe Lines, viz. find the 
middle Point of each, as at K 
and P. Then through thoſe 1 
Points K and P, draw a right 
Line, as D A, and it will be a 
Diameter; for it will divide the 
Ellipfis into two equal Parts, ¶ See 
Defi. I. Page 357.) Conſequent- 
ly the Middle of D A will be the true Middle or common 
Center of the Ellipſis, as at C. e | 

For tis the Nature or Property of all Diameters, howſoever they ar 
drann in any E lipſis, ( 4s it is in a Circle) to cut or croſs one ant 


Upon the Point C, deſcribe an Arch of any Circle that mil 

cut the Ellipfis Periphery in two Points, as at Band b; the 
joyn thoſe Points B b with a right Line, and it will be an 0r 
dinate, through whoſe Middle, (as at a) and the common 
Center C, the tranſverſe Diameter J S muſt paſs. 
For BS = Sb, and Ba is atvight Angles with TS; 
therefore the Line Bb is an Ordinate rightly apply d 10 TS 
the tranſverſe Diameter. And if through the Point C there k 
drann the right Line N n parallel to Bb, it will become tit 
conjugate, as was requir'd. 


Sect. 6. To draw A Tangent or rigli Line that mi touch tt 
Ellipſis Periphery in any aſſign'd Point. 
The draning of Tangents to, or f,.om any nd Point i 
the Ellipfis Periphery, admits of three Caſes. ny 


Cle 1. If it be requird to draw a Tangent that may mt 
tle Ellipſis in either of the cx:rcam Points of its tranſverſe Did 
meter, as at Tor S, it is plain, the Tangent muſt be di 
parallel to. the conjugate Diameter NM as H K in the follo 
ing Figure is ſuppos d to be. 


uf 


Chap. 2. Concerning the Ellipſis. 371 | 


Caſe 2. Or if the Tangent muſt be drawn to touch the Ellipſis 
jn either of the extream Points of its conjugate Diameter, as at 
e or n, tis as evident that it muſt be dræmn parallel to the 
rſverſe Diameter 7 S, as K 14. Conſequently, if that 


1 Tangent, and the Tranſperſe were : 
De both infinitely continu d, they 1 __ W3 
would never meet. ; EF dS pt © 3 
each / z. But if it be requir'd A P | r g 
to 2 a Tangent that may T | A AT.z; P | 
ch the Ellipſis in any other N TO i 
Point, as at B, &c. K N —_— | 
\ Then if the Tangent and the WE 
| tranſuerſe Diameter be both continu'd, they will meet in ſome 
/1 WR Print, as at P; and thoſe two Points (viz. B and P) do ſo 
 W mutually depend upon each other, that one of them mult be 


An d in order to find the other, that ſo the Tangent may by 
them be truly drawn. | 


let DS TS.) AS: and a AP. Then if y be 
% given, & may be found by this Theozem 4 2.22 ==" 


1 


22 
Or if z be given, y may be found by this Thecrem. 


Theoꝛem. = + * +a DD 1 L 2 
Demonſtration. 


Draw the Semi-O! 7inate b a, as in the Figure ; then will 
SBA and AAC be alike. Put x = A a the Difance 
between the two Semi- ordinates (viz. between B A and b 4) 
which we ſuppoſe infinitely ſmall. 


is: -:: BA: ba Per Theorem 13. 
But] 2 D- x9: D- TX -& :: OBA: nba 
3 Dy: D—y+21Ix—Dx—xx::OB4: Ola 
44 ZT: X22 — 2 + xr:: OBA: Dl 
5 [ = © That ſo x may be every where rejected 
3, Then 6 Dy — : Dy — yy. + 2y D:: UA: ba 
3 : 
8 
9 


FF 


= 2 — 26 :: OBA: Oba | 
Dy :D—y =D © 2 


{223688 5 DES = 2.00% — 2D). 
1 III D -= — 5 


B b b 2 e 
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RY [ "oy —— 7 4 Which is the 175 Theorem: anf 
; Sag e #: Laine the following Analiy, 7 
Analogy| 13 FD—y : :: D-: x. Viz. CA: SA:; TA: 4 
_IC—y[14 J — Dy — z = — 5D | = 
14 Caf15,y—Dy—z+3DD— DL ADD TA 
15 u 2116 51D — , + jzz 1 { 
That 18, * ri DD+ = I 0b 


* TT 


—— — 


Ihe Geometrical Performance of theſe two Theorems is very 
eaſy, as by the following Figare. OED 2, 


1. Suppoſe the Foint I in the Ellip/is Periphery were give 
and it were requir d to find the Point P, &c. Wo 
Make 7 C Radizs, and upon the common Center C deſait 
the Semi- circle J d S,. and joyn the Points C and d with x 
right Line; then biſett that Line, (Per Prob. 2. Pag. 281, 
and mark the Poizt where the biſecting Line wculd croſs the 
_ tranſverſe, as at e. Upon that Point e, with the Nadia Ce 
Cor Cd deſcribe another Sexzi-circle, producing the tranſurſ 
Diameter to its Periphery, and it will Mn the Point P. 
For if D=TS.y= AS. andz = AP, As before. 
Then|1jD -A XY UAA „„ | 
And 2 D- xz = 04.4 8 
For 3 7A: 4A: d: 84 — . 
And 4 CA: d A:: dA: AP N 
But [CAS FD — 9, &c. 


I, 215; zDz—Jz=Dy— y | 1 
* "1? {LAsat the 11 Step before, 1 


Therefore the Point P is truly 
found. Conſequently, if a right Line be dn through thol 
Points B and P, it will be the Tangent requir d, according i 
the firſt Theorem. ee 


2. The Converſe of this is as e); to wit, if the Point? 
be given, thence to find the Pint B in the Ellipfis Peripley 
Thus, circumſcribe half the Ellipſis with the Seni eint 
7 d &, as before ; and biſeft the Diſtance between the Fun 
C and P, as at e; vis. Let Ce = e P. Then maling 
Ce Radius, upon the Point e deſcribe the Semi circle CdÞ; 
and from the Point where the :wo Semi-circles interſet c 
croſs cach other, as at d, draw the right Line d A pri” 


#jctlar to the tranſveſſe T 8, and it will n the Pin 0 
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"wat B in the Elliphs Periphery, through which the Tangent 


t paſs. : Broke 
501 b practical Method of drawing Tangents to any afſign'd 
un in the Ellipſit Periphery, may ( without finding the aforeſaid 
paint P) be eaſily deduc d from the following Property of Tan- 


ents drawn to a Circle, which is this. 


tly 
; an( 
0. 

4 


＋ 


If to any Radius of a Circle, as CB, 
there be drawn a Tangent Line (as HRK 
o touch the Radius at the Point B, 
he two Angles which the Tangent 
akes with the Radius, will always be 
mo right Angles (16, 17, 18, 19 
That is, HB CSL CB K = de. 


thin like manner the two Angles made between the Tangent 
07) ind the 190 Lines drawn from the Focus of an Ellipſis to the 
te Point of Contact, will always be equal, but not right Angles, 
Ce Ware only at the two Ends of the tranſverſe Diameter. A 
7B Thefe being well conſider'd, and compar'd with what hath 
been faid it Page 366, it mult needs be eaſy to underſtand the 
following Way of drawing 7 angents to any afſign'd Point in 
the Ellipſis Periphery ; which is thus. . 
Having by the tranſverſe and conjugare Diameters found the 
uo Focuss f and F, per Sef. 3, from them draw two 
12 Fay 3 my 2 other in a 
the end Point of Contact, as f b At. 
and F (or f B and FB) 1 1 * 
the anner d Figure, Next ſet off 
(viz. male) bd = b E, (or BD 
BF) and jn the Points Fd 1 = 
(or F D) with a right Line. J = 
Then, I ſay, if a right Line be 1; 
drawn through the Point of Contacl a 
b (ir B) parallel to d F, Cor DE) H 
it will be the Tangent requir C. 3 
For it is plain, that as the LV H— LEN K when the 
Tangent is parallel to the tranſverſe Diameter, even ſo is the 
Lfrbh=LFb}z, (and Lf BH—=LFBK) and will be 
every where ſo, as the Point of Contact h (or B) and its Tan- 
ay; 1 n about the Ellipſis Periphery with the Lines f b F 
Or ). FT | 


* 
9 
4 
", 
*, 


— 
* 
1 * 
EY 
» * 
. ® 
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5 CHAP. III. 1 


Concerning the chief Properties of every Patabolq, | 
\ TOte, In every Parabola, the intercepted Diameter, ar ty 

Part of its Axis which is between the Vertex and that Orling 
which limits its Length, as $4 or SA, &c. is call d Alſtiſa 


Sect. 1. The Plain or Figure of every Parabola, is proportion'd h 
its Ordinates and Abſciſſa's, as in the 12 T heorem, 
(A, any one Abſciſſa : is to the Square of its Sn. 
chen. Je : ſo is any other Abſciſſa : to the Spun 
Fn .of its Semi-ordinate. | 
That is, if we ſuppoſe the annex'd Fi- 8 
gure to be a Parabola, wherein & 4, and 
SA, are N and b 4 b, BAB 
Ordinates rightly apply d, it will 


be $4: Oba :: S4: UBA ge Prin 
1 g the Points 4, 
Or da: SA:: [ba : OBA 5 Aare taken, 5 BRED 2 
and ſo for any other A. ſciſſa, &c. „ 
Demonſtration. | 
Let the following Figure HV G repreſent a right Cine, ati 
into two Parts by the right Line S A, parallel to its Side TH 
Then the Plain of that Section, viz. Bb Sb B will be a Pr 
bola, per Sect. 4. Page 358. wherein let us ſuppoſe SA to bi 
its Axis, and b 4b, B AB to be Ordinates rightly applyd ui 
att | | | | 
Again, Imagine the One to be cut by the right Line bi 
parallel to its Baſe HG, Then will h g be the Diameter 
a Circle, per Sect. 2. Page 357. And Gag like to A546. 
ai 48%: SH; M0 * 
Per Theorem 13. | 
4A X AG —= $A X ag 
1.1.5 SAX AG xha=SAxag x ba 
Per Axiom 3, 5 0 
HAS ha becauſe SA 
C18 parallel to V H 
DOBA—=AGxHA Per Iem- 
4 49 * ha J ma b. 357. 
1/15 54 X DBA=SAx Oba 
e 2 5 8 . 
| Sa: DA: : SA: MBA... 
6, Aua L Vide Page 194. 
ee ae — — 


* 
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Theſe Proportions being prov d to be the common Property ob 
very Parabola ; all that is farther requir'd about that Seltion 

M Figure, may from thence be eaſily deduc d. 


ged. 2, To find the Latus Reſtum, or right Parameter of any 
Fe, Parabola. | 


The Laws Reflum of a Parabola bath the fame Ratio or Pro- 
tion to any Abſciſſa, and its Semi-ordinate, as the Latus Re- 
mw of an Ellipfis hath to its tranſverſe and conjugate Diame- 
irs, and may be found by this Theorem. | 

As any Abſciſſa : is in Proportion to its Semi-ordi= 
PR. 2 : ſo is that Semi-ordinate : to the Latns Redtum. 


Let L i= the Latus Rectum. 


Then 18S 4: b 4: b 4: 5 5 where-ever the Points 4, and 
And 2 ooh BA:: BA: L A, are taken in the Axis. 
| 4 N A 


1 2 45 — £&: Or Sa Xx L = ba 
1 57 ={ Or SA * L = 034 __ 
2 * OBA ds 1 Es 
* * 4 1 Per Axiom 5. | 
dto 5 X|6|$4X-ODBA=SAX Nba Which gives this Analogy. 
Analogy | E : Da: : SA: UBA The ſame as at the 7th 
6 . Sep of the laſt Proceſs ; therefore L (thus found) is the true 


Laus Rectum By which all the Ordinates may be regulated and 
found, according to its Definition in Section 4. Page 358. 

For by the third Step Sa x L= ba. And by the 
4th Sep S A L= UBA. Conſequently V Sa x LA 
And / SA x L = B4; and ſo for any other Ordinate. 
Or if the Ordinares are given, to find their Abſciſſa's ; then 
it will be, L:ba::ba:Sa And L: BA: : BA: Sd, Sc. 
* = 4. Ander = SA, &c. 


From the Copſidcration of theſe Proportions, it will be 
105 to conceive how to find the Latus Rectum Geometrically, 
Thus, | BY 


Conſequently 


ele 
Jon 


above. 
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Foyn te ern . S of the Ari, and either extremy 
Point of any Ordinate, as B, (or b) with a right Lin 
viz. SB (or S) and 52 that Line 11 
(per- Problem 2. Pag. 287.) marking the 
Point where the biſecting Line doth inter- 
feft or croſs the Axl, as at E, (or e) 
and with the Radius SE (or $ e) UPON - 
the Point E (or e) deſcribe a Circle; : 
(as in the annex d Figure) then will the 
Diſtance between the Ordinate and that 
Point whiere the Circles Periphery cuts 
the Axis, viz. AR (or ar) be the true 
Laus Recium requir d. 

For $A : BA:: BA: AR. And Sa: ba :: ba: ar. Per They I. 
Therefore AR = L. And ar = L by the 1/7 and 24 5 


Cnſectary. 


From theſe Proportions of finding the Latus Redtum, it wil 
be eaſy to deduce and demonſtrate this following Theorem, 

Ai the Latus Rectum: is to the Sum of any m 

Theoꝛein. C ordinates :: ſo 1s the Difference of thoſe m 

Semi-ordinates : to the Difference of their Abſciſts 


Suppoſe any riglt Line drawn within the Parabola, as bD, 
parallel to its Axis 8 A; then will that Line (viz. b D) ber 


Diameter (per Def. 5. . Pap. 359.) which will make ED=AB+6, 
DB = 4B —ab, And UD =SA— S4. Then it wil 


be L: E D: DB bD. According to the Theorem 
55 


| 4 = Ts per Step 2. TERS” | 


Firft I r 
RT: of the al — 5 Xo \ 
. 5 


And 2 12 = 2 Per Step l. @ 
* of the laſt Proceſs. | 


1 — 23 Ty jones FER RO. E Al ?P b 
1 L14|SA—Sa Xx L ABA ba 
2 Whi h gires 
But ; E e BAH BA—bay 0-1 Gus 
866 SA—Sa x L— —BA+ba * B ba Analog) 
— 5 L.; BAK l: B 4b a3 $4 £8 
ol 


L : E 723299 
| Ti 
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This peculiar. Property of the Parabola, mas fo ſt publiſh'd Anno 
1684 by one Mr. Thomas Baker, Rector of Biſhop Nymton in 
Devonſhire, in 4 Treatiſe intitul d, The Geometrical Key: Or, 
[The Gate of Æquations unlock ; wherein he hath ſhew'd the 
Geometrical Conftruttion and Solution of all Cabick, and biquadratick 

„ ſcled equations by one general Method, which ke calls a cen- 
„Rule, deduc d from this peculiar Property of the Parabola. 


| : Sed. z. To find the Focus of any Parabola. 
4 


'> WF The Focus of wer Parabola, is that Point in its Axis through 
which the Latus Rectum doth paſs. (vide Definition 3. Sect. 4. 
pe 359.) Therefore its Diſtance from the Vertex of the Para- 
ha may be wy found, either by the Latus Rectum it ſelf, or 
; | 


by any other Ordinate and its Abſcrſſa. | 
U Thus, ſuppoſe the Point at F to be the Focut, & the Ver- 
tex, rhe 8 F by — UL the. 8 
Laus Rectum, and b ab any other | 
a 797 2 1 BE 


. 
\ 


0 


/ FE 
* : ho” A | 
„un will SF =3 L. Or SP = 5 


1. Demonſtration 


Fiſt II SF NL = QFR Per Seft. 2. Page 375. 
And 2 FR L. For the Ordinate RFR= L as above. 
2 @ 23 DFR SAAL LX2IL ; 
4 = LI5IS f = 4 L As per Definition 4. Sect. 4. Page 359. 
Again [E 5 — L by the third Step in Page 378. 

be YE 
Conſequ. 7: * = 4 L. &c. As above. QED. 
| ; | | | 


— 


Sect. 4. To Deſcribe or draw a Parabola ſeveral Mays. 

Note, There are two or three Ways of drawing 4 Paralola in- 
frumentally at one Motion; but becauſe thoſe Inſtr: ments or Ma- 
chines are nit only too perplex'd for a Learner to manage, but alſo a 
little Subjeft to Errer, I have therefore choſen to ? how that 
Figure may be (the beſt_) drawn by a convenient Number of Points, 
vu. Ordinates found, either N umerica'ly or Geometrically, accord- 
ng to the Data; which, if the Work of the three laſt Sections be 
| Fell conſider d, muſt needs be very eaſy. 


Cee: 1, If 


——— — Ae 9 — — 
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1. If any Ordinate and its Abſciſſa are given, there may h 
them be found as many Ordinares as you pleaſe to aſſign ortal 
Points in the Parabola's Axis, (per Sect. 1. Page 374.) and th 
Curve cf the Parabola may be drawn by the extream Points 
thoſe Ordinates, as the Ellipfis was, Page 367, 

2. If che Latus Rectum, and either any Ordinate, or-its Abſciſt 
are given, then any aſſig id Number of Ordinates may by then 
be found (per Sect. 2. Page 375.) either Numerically or Gem. 
trically, &c. | 
3. If only the Diſtance of the Focus from the Vertex of th 
Parabol:: be given, any aſſign d Number of Ordinates may hy 
found by it. For SF = 4 L the Latus Rectum. and EL =F} 
as in the /f Section; and it will be, as SF : is to DFR; 
ſo is any other Abſciſſa (viz. S a, or SA, 8c.) : to the St 
of its Semi-ordinate, (viz. ba, or OBA) according to the 


common Property of the Parabola. | | 
 Altho'any of theſe Wavs of finding the Ordinates are caf 
enough; yet that Way which may be deduc'd from the fol 
lowing Propoſition, will be found much more eaſy and ready 
in Pratlice. ® 
Te Sum of any Aljciſſa and focal Diſtance m 
Propoſition. the Vertex, will be equal to the Diſtance fron Wo 
eopoution. 5 Focus 10 the exiream Point of the Ordinate which 
ents off that Abſciſſa, SY 
For Inſtance, Suppoſe & to be the Vertex of 
any Parabola, the Point F to be its Focus, . 
and 4B any Semi-ordinate rig/tly apply'd to 
its Axis SA. Then I fay, where-cver the 
Point A is taken in the Aris, it will be 
SA + SF =FB, Conſcquently, if Sf =SF 
it will be fA= FB, = 1 
Demoaſtration. 5 


Firſt 1 | SFS AL by the 7th Sep. Sd. "En 
Ergo 2jf A= FA + +L by Cnftruftion above. 

2 & 2] 3]JOfA= DFA+FAxL:+41LL | | 

Again] 41SA = FA + ZI. by the Suppoſuion and Fri 

4 x L| 5|SAXL=FAXL : + ILL But SAx L=04 

Ergo] 6JAAB=FAxXL: +ELL x: 

3 —6| 7]0f4—nAF=oFA.Conte. nf4=DOF4+04 
But 8 OFA + HAB = Q FB. Per Theorem Il. 
Ergo] 9 FAS FB | 

Foy e.. | 

|——— — — ___—__ —_— 8 ſil 
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This Propoſition being well underſtood, it will be very eaſily 
apply d to Practice, ſuppoſing the focal Diſtance given, or any 
other Data by which it may be found. a 
Thus, draw any right Line to repreſent the Parabola's Axis, 
ind from its vertical Point, as at 5, ſet off the focal Diſtance both 
upwards and downwards, viz. make Sf = SF the Diſtance of 
the given Focus from the Vertex, as in the laſt Scheme. Then 
by the Propoſirion it is evident, that if never ſo many Lines be 
drawn ordinately at right Angles to the Axis, the true Diſtance 
between the Point f out of the Parabola, and any of thoſe Lines 
(or Ordinates_) being meaſur d or ſet of from the Focus F to the 
ſame Line, (or Ordinate) it will n the true Point in that 
Line through which the Curve muſt paſs, That is, it will ſnew 
i true Limits or Length of that Ordinate, as at B in the laſt 
Kheme . RE | | 
Proceeding on in the very ſame manner, from Ordinate to 
Ordinate, you may with great Expedition and Exactneſs find 
25 many Ordinates (or rather their Points only, like Y as may 
be thought convenient; which being all hn d tog@her with 
an even Hand, will form the Parabola requir'd. 


N. B. The more Ordinates Cor their Points) there are found, | 

and the nearer they are to one another, the eaſier and exafter may 
the Curve of the Parabola be drawn. The ſame is to be obſerd 
when any other Curve is requir d to be drawn by Points, | 


dect. 5. To draw 4 Tangent to any given Point in the Curve of 
9 4 Parabola. 15 


Tangents are very eaſily drawn to the Curve of any Parabola. 
For, ſuppoſing & to be its Vertex, - 


B the Point of Contact, viz, the þ 
Print where the Tangent muſt touch ll 

the (urve. And P the Point where : Pee 
the Tangent will interſe& (or meet \ 


mth) the Parabola's Axis produc'd. a's 3 
Then if from the Point of Cintact 25 
B, there be drawn the Semi-ordinate | 


BA at right Angles to the Aris SA, | 
hereſoever the Point A falls in the Axis, it will be SP NA. 


"ute 


Demonſtration. 


3 k : | | - pete rea, | 2 
Draw the Semi- ordinate ba Cas in the Figure) then will 


f Cee 2 the 


— — — — 
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the A B AP, and AbaP be alike. Let ) =AS the 4 | 
Jeiſſa, and ⁊ SP, put x = Aa the Diſtance between thi 
to Semi- ordinates; Which we ſuppoſe to be infinitely near each 
other, as in the Ellipfis, pag. 371. 


Then 10 + : BA: TT 4 Per Theorem 13, 
1, . Or, ) T:) +2 *:: BA: ba Vide Page 192, 


Again 30: HBA: : + x: Oba Per Theorem Page 274, 

3, Ol 4% : * OBA 4 Ds | 
210 U N SPY +292 +22: TAN MY NN + 220 A 
4, 5} ehh T-: F N T -F TA 


TX 
6 v Y + 92 + gx T 22x oF 3 
6 + 29% + 29x + zu + 2zx + xx 


T T. of 


That is, 8 7 * + xx Conſequently ho =)+x 


or =o And rejecled, as in the Ellipfis, Page 371. 


” Conſequently zz = yy 
=) That is, SP = SA 


10 v 211 


QE. D. 


— * 


Hr. I. | 
Concerning the chief Properties of the Hyperbola. 
Note, Any Part of the Axis of an Hyperbola, which is inter- 
cepted between its Vertex and any Ordinate, (viz. any inter. 


cepted Diameter) is call d an Abſciſſa, as in the Parabola. 


Sect. 1. 


The Plain of every Hyperbo'a is proportion'd by this genere 
| eorem. 5 = 


As the Sum of the Tranſverſe and any Alſciſſ# | 

multiply d into that Abſciſſa : is to the Square f 

'Thco:em, its Semi-ordinate : : ſo is the Sum of the Tranſverſe | 
and any other Abſciſſa multiply'd into that Alſciſſa: 

10 the Square of its Semi-ordinate. 1 


That 


IV, 
> Ah 
n the 
each 


1 13, 
192. 
374. 


134 


371. 


fer- 
ers 
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That is, if 7 S be the tranſverſe Diameter, 

Sa, SA, Abſciſſas. er T 
And Le : BA, Semi-ordin ates. 5 


T a — TS + Sa. 
Then i 40 TS +4, 


381 


Aud it will be 2 
Je * Sa: ba: : TA x SA: OB A. 8 | 
That 1s, * 
8 


Sex San Ula TS CSA SA. 0B A | 
” &c. 68 


Demonſtration. 05 A N 


Let the following Figure HVG repreſent a right Cone cut into 
tw Parts by the right Line SA; then will the Plain of that 
ſition be an Hyperbola, (per Sect. 5. Chap. I.) in which let SA 
be its Axis or intercepted Diameter, bab, and BAB, Ordinates 
rizhtly apply'd, ( as before in the Parabola) and TS itstranſverſe 
Diameter. | = 

Again, if the Cone is ſuppos d to be cut by hg, parallel to its 
Baſe HG, it will alto be the Diameter 
of a Circle, Cc. as in the Ellipſs and 
Parabola. | | 

Then will the ASga and 56A 
be alike, alſo the ATah and ATAH 
Wil be alike ; therefore it 


will be] 1 :: $4: AG 
And 2 T4 : 4h: : 7A: AH 
I „ 3 [S AG Ax 4 
2 SPECK nn Fl ©: 48 

J 

6 

7 


S4 : 4 


| Sa X TA X AG AH 
374 SEAT ag X ah 
Butj6]ag x ch = UA 
And 


Per Lemma Page 357. 


| Sa X Ta X NAB = 

5 6, 78 \ =SAXTAX Uab 5 

Which give the following Analogy. 

8, Anal.] Sa Xx TA: UA:: SAX TA: AB, &c. 
— — | — — Q. E. D. 


Thele 


bee Proportions are the common Property of every Hyperlyly 


may (in a manner) be found as in the Ellipfs, due Regard 
| being had to changing of the Signs. | | 


Sect. 2. To find the Latus Reffum or iht Parameter of ay 


Then 2 7: L:: T4 N Sa: fleb. 


— tl . 
. . . . eZ 


i PET 
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and do only differ from thoſe of the Ellipf;s in the Signs + 
And —. As plainly appears in all the 
following Proportions. 
That is, if we ſuppoſe 7 S, the tranſ- 
verſe Diameter, common to both Sections, 
Cviz, both the Ellipfs aud Hyperbila) as 


in the annex'd Scheme. 


Then in the Ellipſis it will be 
TS—SaxSa: Dab:i:TS—SAKSA: A 
(As per Sect. 1. Chap. 2.) f 

And in the Hyperbola it is 
TS Sax Sa: Dab :: TS SAX SA: UAB. 85 
As above. f A 
And therefore all that is farther requir'd in the Hyperlolh 


Hyperbola. 


From the laſt Proportion, take either ot the Antecedents and its 
Conſequent, vix. either Ta x Sa : Ab. Or, TAx SA: UA 
To them bring in the Tranſverſe 7 & for a third Term, and by 
thoſe three find a fourth Proportional, (as in the Ellipſu) and 
that will be the Latus Rectum. | 
Thus 1 Ta x S4: Uab :: TS: =EL N iS — tel 

| : 1 4 X 54 
tus Rectum, which call L (as in the Paraboid.) 


But 3 Tax Sa: Bab: : TAX SA: Az. Therefore 
2, 34J[TS: L:: TAX SA; QAB, &c. 


— — 


Conſequently L is the true Latus Reflum, or right Parameter 
by which all the Ordinates may be found, according to its De- 
finition in Chanter 1. 


And becauſe TS-+ $a = Ta. Let it be TS-þ S, inſtead of Ts 


Then it will be — De x15 
S N S4: ＋ DSE 


And in the Ellipſis it would be, - —_— Lk L. 


See Sctt, 2. Chap. 2. TS XK Sa: — [14 


* 
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E 


1% Sect. 3. To find the Focus of any Hyperbola. 

+ The Focus being that Point in the Hyperbolas Axis, through 
which the Lats Rectum mult paſs, (as in the Ellipſis and Para- 
ya) it may be found by this Theorem. pr 

To the Rectangle made of half the Tranſverſe into 
| half the Latus Rectum, add the Square of half the 

3 Theozem, < Tranſverſe, the ſquare Root of that Sum will be the 

Diſtance of the Focus from the Center of the Hyper- 


olds 
| Demonſtration. 

Suppoſe the Point at F, in the annex'd Scheme, to be the 
Ficys fought. Then will FR = 5 L, | 

Let TC = CS be kalf the Tranſverſe ; | I 
then is the Point C call'd the Center of 3 
the Hyperbola (for a Reæſon that ſhall be 
hereafter ſhew'd.) : Rl 

Again, Let CS = d. And SF —a. | 


Then 12d: L:: 2d +axa: ELL 


| That is, 2 TS: L:: TS SFX FES: FER 
a 1 *fja[idL = 2da + 44 © 
BB 3+ 44]4|44 + dL = dd + 2da+aa 
ol 4 2]5 , F. 
6% dd + $&dL —d =a — SF 


1 by Or, 5.—d my 
In the Ellipſis it is, 2d: L:: 2d —a Xa : BL; 
That is, Z d L = 2da — aa, &c. 


be Geometrical Effection of the laſt Theorem is very eaſily 
performed, thus. 


) Make Sx = + L, viz, half the Latus Rectum; and let CS d, 
as above, A 
x 


Upon Cx (as a Diameter) deſcribe a 
Grcde,and at S the Vertex of the Hyperbola. 
Da the right Line nSN at right Angles 
n to Cx ; then joyn the Points C, N, with 
De: aright Line, and twill be CN=d+4—FC. 


Ta For 1 CS: M:: SN: Sx PerFig: 
That is, 2 4 :; SN: =L 
2 3 dL = OSN 
But 4 dd + OSN = QOCN 


z. 3 4,5 4d + #dL = OCN 


et, Nov 


fore 
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Part I 


2 * 1 — FA 4 2 — 
AA 00” IE. rr CSCO turn. - = 8 —— SO Ra ct RG.* * — 
5 


Now here is not only found the Diſtance of the Hyperboſd 
Focus, either from its Center C, or Vertex S; but here is alfy 
found that rigit Line uſually call d its conjugate Diameter, 
viz. the Line na SN, which bears the ſame Proportion to 


the Tranſverſe and Latus Rectum of the Hyperbola, as the cu. 
jugate Diameter of the Ellipfis doth to its Tranſverſe and Lau 


Rectum. 


For in the Ellipſs 7 S: Nu :: Vn: LR. per Sect. 2. P. 2.363 


Conſequently 378: Mn: : Nn: LK. 
But 37178 =d. 2 Nu — SN. And $L RS l. 
Therefore d: SN : : SN : 2 L. as at the ſecond Step abore, 


What Uſe the aforeſaid Line S N is of, in relation to the 
Hyperbola, will appear farther on, 


Scct. 4. To Deſcribe an Hyperbola in Plano. 


In order to the eaſy deſcribing of an Hyperbola in Plaus, it 
will be convenient to premiſe the following Propoſition, which 
differs from that of the Ellipfis in Sect. 3. Chap. 2. only in the 
Signs. 4 . „ 
Cf from the Focus of any Hyperbola, there be 

\drawn two right Lines, ſo as to meet each other 


Pꝛopolition. Jin any Point of the Hyperbola's Curve, the Diffe- 


rence of thoſe Lines (in the Ellipſis it is their 
Sum) ill be equal to the tranſverſe Diameter. 


That is, if F be the Focus, and it be made Cf — CF, (u 
in the laſt Scheme) then the Point f is ſaid to be a Focus out 


of the Section (or rather of the oppoſite Section) and it will be 


fB—FB—=TS. . 
Demonſtration. DING 
Suppoſe f C, or CF —=z, and SA = x. Let CS, ot 
TC = ad, as before, ts 59 | 
Then will fA=d +x+z, And FA dT 2. 


Again, Let f R = h, and FB b. Then 24 = b —h 
by the Propoſition. 15 


From theſe ſubfituted Leiters it follows, 


That 144 ＋ 2dx + all + xx + 22x + zz = 014 
But [oO f4+n 4B=0}s. And EAN QAE=OFF 


h : 
540 3144 N z4L = dd + 2da + 44 = UFC = wu 


Chap. 4. 
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+ ＋ 


9 + dd 
10 x dd 


Il 595 2 
12 0 2 


13+ 4 


4 — dd 
bong 9 Bout 


6 
2 
8 


16—17 


18 


| 2dzzx +3 && — 2dddx — ddxx 


zz — dd — HL 
grant 
ahh L: 0 + x X x : (14B Per com. Properties, 


2d : * : 24x + xx: DAB 


— - 4 = 0.48 
2 + 24x + 2dz, + xx + 22x + 22 + 


2d TPXXXX—2d x—ddxx 


dd 
8 2 ＋ a + 


— 3 — 
—— 2d x Aar. nE4+ 0 lb 


4+ 242+ 24dex+ddzzb2dezr+22xx—ddbb 
T'—2d'z—2ddzxtddzz+ 24K -24xx=ddbb 
4d + de + zx = dh 


— 


. = ab FAlths the Equation at the 
161) Step be in it ſelf impoſ= 

lh ＋ z bo ＋7 * h ſtble, hecauſe 2 33 
1 d; (per 4th Step) yet 

_ | from thence it will be eaſy 
1 — 2 — T —b 2 to conclude, that the Diffe- 


⁊x rence between d and x + = 


+ ——d=b 


24 . h hs þ | AS in the 17th Step. 


But becauſe I weuld leave no Room for the Learner to doubt 


about aeg the equation, d — * — —- = b into that 


of z + 8 28 d = 
whole reh! in Numbers, whereby (I preſume it will plainly 


b, it may be convenient to illufrate the 


appear that h — b — T 'S. 
In order to that, Let t theTranſverſe TS 2d 12. Thend=6 


duppoſe the Abſciſſa SA=x=4+ 
Firſt | 1 


I Viz. 
Aa 
3, Vis, 


hen 


And 


2 


3 
4 
5 
6 


And the Semi- ordinate AB—3 
T5 T SAN SA: OAB::TS: 
12 44 x 4 64 9 12: 4,6875 = L 
Vc Fer Sil. 3, 
36 0525 = 6,408 =CF Xx 

44 i 5 8 + 8 6,408 = 16,408 = 4 
d + - = + 4— 6,498 = 

D d d 


5 O. 2 


— —Dnf4+ DAB b 


EE r 


will give the true Value of b, 


L Per Seft. 2. 


35592 —FA. 


EEE oo 


—— — 123 
„ 


— 


— hh PE: —— H— 
— — — 


IE 


— 


- — — 
4 — 


> T io nens  wevdn 0 ee 
PP © in K . 5 


extream Points or Limits, viz. T, S, ſet T7 


given Focus; (viz. the Point f without, 


that Point B, be in the (urde of the Hyper 


Conick Seckions. 
S- 7 269, 2224 = f | 

Y- 8 12,9924 = FA | 

But 9] 9= UA For AB — 3 by Sappoſition, 
+ 9110 278,2224 = FA + AAB = B | 
+ 9[11| 21,9924 = FA + DAB = FB 


Part IV. 


10 u 212 16,08 f 


11 vb 213 4,68 = FB | 
1 2—13114 12,00 = j B—FB=TS. Which was to be prov'd, 


If this Propoſition be truly underſtood, it muſt needs be eafy 
to conceive how to deſcribe the Curve of any Hyperbola very 
readily by Points, when the tranſverſe Diameter and the F 
are given, Cor any other Data by which they may be found, as in 
the precedent Rules.) Thus, Fo 

Draw any /treig ht Line at Pleaſure, on it ſet off the Length of 
the given Tranſverſe TS, and from its 5 


off Tf = SF, the Diſtance of the 


and F within the Section, as beſore) that _ 
done, upon the Point f (as 4 Center) 


with any aſſum'd Radius greater than ol 
TS, deſcribe an Arch of a Circle; F 
then from that Radius take the Tran ſ- 5 bs ; 


verſe TS, making their Difference a © 
ſecond Radius, with which upon the , 
Point FP, within the Section, deſcribe 7 +. : 5, 
another Arch to cut or croſs the firſt Arch, as at B. Then will 
: 4 by the la Pro- 
poſit ion. And therefore it's plain, that proceeding on in this 
manner, you may find as many Points (like B) as may be 
thought convenient; (the more there are, and nearer they art 
together, the better) which being all joyn d together with all 
on ond as in the Paralola) will form the Hyperbola re- 
quir'd. . 


Ih!bere are ſeveral other Ways of delineating an Hypcrbola in 

Plano; one Way is by finding a competent Number of Ordi- 
nates, as per Sect. 1. &c. But I think none fo eaſy and expe 
ditious as this mechanical Way; I ſhall therefore, tor brevity 5 

ſake, pals over the reſt, and leave them to the Learner's Ff 
ay as being eaſily deduc'd from what hath been already 
ald. 


Seck. 


* oe e * 
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Gd 5. Todrawa Tangent to any given Point i in the Curve of an 
Hyper bo 4. 

The drawing of 4 Tangent that will touch any given Point 
in the Curve of an er may be eaſily perform'd by help 
of a Theorem, as in the Ellipſis, Sect. 6, Chap. 2, 
l D=TS the tranſverſe Diameter. op". 
Let 85 Latus Rectum. 7 


SA the Abſciſſa. | 
) 8 the Diſtance between the ö 
J 1 Ah Ordinate, and that Point ' 
120 in the Tranſverſe cut by 
l the Tangent. 


K Then if ) be given, z may be found 
1 DIY 
by this Theozem, 1 5 ＋ 9 
Which differs from that in the Eli 5 a 
only in the Signs, vide Page 371. 


Or if z be given; then y may be found by this The 


/DD 
Theorem, / — SD =) 
Demonſtration. 


Draw the rarer ba, as in the Figure, and 
FL an infinite ſmall Space between the ro Semi- 
put x = A ee As before in the Ellipfis, Nc. 
Thenj 1! D.: L:: Dy + wy: UAB 
That is,] 2 T L: : TS ＋ SAN SA: 048 
4 J9L.T L 


1 3 N D = UAB 
Again] 44D: L:: Dy + y—2x—Dx+xx, : Q 
That is,, 5 TS: L: 78 ＋ Sa Xx Sa: Lab 
4 6 r 990 4b 
per Figure 7K: TAE : -&: ab. Viz. PA: AB :: Pa: ab 
7 in Q 812 : DAB :: &x — 22x + xx : Jab 
9 


duppoſe x =0 and every where rejected, as in the Ellipſis. 
Then 3, 9|10|zz 2 
lo 11 1 — — ab 


Ap D d d 2 6, 11 i 


:: X — 24 2; (ab 
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13 — 8 y + Dy — = De 


three Lines given to find a fourth proportional Line. Per Pro 


7  - 2 - A _ 
. : _ 
rr e re et — ———— NN * 3», 


two Figures. But for the better under- 


as are defin'd, Cap. I, Sell. 5 Ow: Fe 


DyL + yL — Y — DL _ 
CCC res 
6, 11/12 2 + yLzz— 2DyLz — 2) L 
4 | : 7 | | Dzz | 
12 Reduc di 3% DR + yz = Dy + yy | 
13 eg 5 ũ DOK. Viz. CA: A:: TA: AP 


13=5DTy 15's 22 1 Which is the fir /f Theorem. 


DD—2Dz+ DD +: 
16 0017 + D- + — DE. IN 


4 ** 
17 v 2 * + ED — E 
MEPs DDA Which is the 
18 199 —V wry aft > 41 |, ond Themm 
. : 4 3 e eee e 1 — Q E. D. 


The Geometrical Effection of the firſt of theſe Theor:ms 18 
very eaſy ; for by the 14th Step it is evident, that there are 
blem 3. Page 308, | 
| Scholium. 

From the Compariſons which have been all along made in this 
Chapter, between the Hyperbola and the Ellipþs, it will be caly 
Ceven for a Learner) to perceive the f 
Coherence that is in (or between) thoſe 


ſtanding of what is meant by the Center 
and Aſymptotes of an Hyperbola, conſi- 
der the annex d Scheme, wherein it is 
evident (even by Inſpection) that the 
oppoſite Hyperbolas will always be a- 
like, becauſe they will always have the 
ſame tranſverſe Diameter common to 
both, Cc. See Sect. I. of this Chapter. Alſo, 
that the middle Point, or common (en- 
ter of the Ellipſi, is the common Cen- 
ter to all the four conjugal Hyperbola's, a 
And the two Diagonal: of the righi- ang led Parallelogram, which 
circum ſcribes the Ellipſs, Cor is inſcrib'd to the four ſyperbola i) 
being continu'd will be ſuch Aſymptetes to thoſe Hyperbolas, | 


ect. 


— 


V. Whip: 4. 


— 


Seck. 6. To draw the Pſymptotes of an Hyperbola, &c. 


Hving found the Laus Rectum, (per Kt. 2.) and the conju- 
te Diameter nS N, in its true Poſition, per Sect. 3. Then 
rough the Center C of the Hyperbola, and the extream Points 

1 , of its conjugate Diameter, draw two right Lines, as 

Y, and Cn, infaitely continud, (as in the following Figure) 

nd they will be the Aſymptotes requir' d. 
That is, they are two ſuch right Lines, as being infinitely 

tended, will continually inchne,to the Sides of the per bo- 

but never touch them. | 


Demonſtration, 


duppoſe the Semi-ordinates ab, and AB to be rightly ap- 
je Mohd to the Axis T A, and produc'd both Ways to the 4 
„ poet, as at fg, and FG. Then will the & CSN, 
Y. 4 604, and ACA G, be alike. | | 


let 4 = CS TC. And L = the Latus Rectum, 25 before. 


9 „ Fe S4 . de = C4. 
Pur $5 = 5.4 the Alſelſes Then“ 4 5 S C. 5 
Then] 11d : SN :: d + e : ag. Viz. CS: SN: : (a: 
in N 28d : DSN :: dd + 2de + ee: Dag l 
But) 31d L = OSN Per Sect. 3. 
dL + 2deL + eeL 


3. 24 — 04g 
Again] 5]2d : L:: 2de Tee: Cab Per Seb. 2. 

A PL + eel _ 0 | 
—4 of; = 4g - 4b | 

| 5 

geg + ab = b 10 

Bute A gl = per Fig. /) 4 
* lag — N = bf x bg . 


7˙ 1011 x bg = AdL „ 
Againſt aud: SN: dd 2dy Hy: fo —;; 
That is, DOCS: SN:: HCA: A / | 

3, 12.113 EIT L046 P R 
ö 1 1 : UAB Per Sf. 2. 
| J. 1-9 

: 14 5 20 2 = OAB 


3990 Conick Sections. Part I} 
VVV 
13 — 1516 = AG — AB 
| 2 [15 | 4G ABB FD  _ 4 
Alſo 5 18 AG e Figure. 
17 Xx 1819046 — AB = BF x BG 
16, 1920 BF x BG = Aal. 


| #dL 1 
11, x20 + 21 by = "if And BG — => 


* 


N 


From the laſt Step it is evident, that the hmptotes an 
nearer the Hyperbola at G, than at g, and conſequently wil 
continually approach to its Carve. For BF) dL (=86 i 
leſs than bf ) 3dL (= b , becauſe the Diviſor BE, i 
greater than the Diviſor h/; and it muſt needs be fo, where 
ever the Ordinates are produc'd to the Ahmptotes, from the 
Nature of the Triangles. 

Again, from the 7th and 16th Steps it is as evident, that 
the Aſymptotes can never really meet and be co-incident with 

the Curve of the Hyperbola, altho both were infinitely extended; 
| becauſe 2dL will always be the Difference between ti e Square 
of any Semi- ordiuate, and the Square of that Semi- urdinatt 
When it is produc'd to the Ahmptote. | 


Con ſectary. 

From hence it follows, that every right Line which paſſe 
through the Center, and falls within the Ahmptotes, will cut 
the Hyperbela ; and all ſuch Lines are call'd Diameters, as in 
the Ellipfs, becauſe the Properties of the Hyperbola and Ellipſs, 
are the ſame, 1 5 

Note, Every Diameter, both in the Ellip/is, Parabola, and Hy 
perboſa, hath its particular Latus Rectum and Ordinates ; which, 
thould they be diſtinctly handled, and the Effection of all ſuch 
Lines as relate to them; as alſo, the Nature and Properties of 
ſuch Figures as may be inſcrib'd and circumſcrib d to all the 
Sections, with the various Habitude or Proportions of one Hype. 
bela to another, Cc. would afford Matter ſufficient to fill 
large Volume. But thus much may ſuffice by way of lar 
 dutlion ; I ſhall therefore deſiſt purſuing them any farther, be- 

ing fully gti d, that if what I have already done, be well 
underſtood, the relt muſt needs be very eaſy to any one that 
tends to proceed farther on that Subject. 


AN 


INTRODUCTION 


TO THE : 
; athematic 8. 
W 5 | 3 
i | = ; + 
d | r 
ere | 
the ee eee 7 
1 HE Method of finding out any particular Quantity, 


(viz. either any Line Superficies, or Solid) by a regu- 
ur Progreſſion or Series of Quantities continually approaching 
to it, which being infinitely continu'd, would then become 
perfeMly qual to it, is what is commonly call'd Arithmetick + 
of Infinites ; which I ſhall briefly deliver in the following 
Lemma's, and apply them to Practice in finding the ſuperficial 
and ſoli4 Contents of Geometrical Figures farther on. DSS | 


le 8 L E MM A. I. 


In any Series of equal Numbers, (repreſenting Lines or other 
6 Quantities) A . 1. I. 1. Ke. Or 2 2. 42 Ne. 
O0, 3. 3. 3. 3. &c. If one of the Terms be multiply'd into 
the Number of Terms, the Product will be the Sum of all the 
þ Terms in the Series. 5 
bis is ſo very plain and eaſy to Le underſtood, that it 
WI deeds no Example. | 


41 % Series of Nun bers in Aritkmetick Progreſſion begin with a Cy- 
MO pher, and the common Difference be 1. As O. I. 2+ 3. 4. &c. 
e. (repreſenting a Series of Lines or Roots beginning with a 
Point) 77 the laſt Term be multiply d into the Number of Terms, 
at the Product will be double the Sum of all the Series. 


That is, putting L = the lat Term, N = the Number of 
Then 


Terms, and $ = the Sum of all the Series. 
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Then will NE — 25. Conſequently, ML =S. 
viz. one half of ſo many Times the greateſt Term, as there ar 
Number of Terms 1n the Series, 


6-+1-+2+3+4 _ 10 == the Sum of the Series = 1 
Thusy —— 4 20 
01 4+4+4+4t4 


20 = NL 


And this will always be ſo, how many Terms ſoever ther 
are, per Conſett. 1. Page 185. | 
N LEMMA III. 
If a Series of Sqnares whoſe Sides or Rrots are in Arithmetick p. 
greſſion, beginning with a Cypher, &c. (as in the laſt Lemmi 
1. infinncl continu d, the laſt Term being mmltiplyd into th 
Number of Terms, will be triple to the Sum of all the Serie, 
viz. NLL — 35 & 3 ML = $. 


| That is, the Sum of ſuch a Series will be one Third of the 
laſt or greateſt Term, fo many Times repeated as is the Mam 
ber of Terms in the Series. | 


Inſtances in ſquare Numbers, 
i þ 


Fleas Sb >. 
: Hats 1 


r » 
16 ＋ 16 ＋ 16+ 16＋ 16 80 8 24 3 24 


From theſe Inſtances it's evident, that as the Number of Term! 
in the Series does increaſe, the Fraction ot Exceſs above 3 dos 


decreaſe, the ſaid Exceſs always being I which if we 
ſuppoſe the Series to be infinitely continu d, will then becom 
infinitely mall, viz. in Effect nothing at all. 

Conſequently ; NLL may be taken for the true or perfect 
Sym of tuth an infinite Series of Squares. 


LE MMA IV. 


the Sum of all the Series will be £NLLL = S. 


i! That is, one fourth of the laſt or greateſt Term, ſo many 
| Times tepeated as is the Number of Terms. 


| Inſtance 


If a Series of Cubes, whoſe Roots are in Arithmetick Progreſſion, be- 
ginning with a Cypher, &c. (as above) be infinitely contin a, 


_ Apply'd to Superfictes and Solids. 393 
Fer Inſtantes in Cube Numbers. 
art If " F 4 3 0 &c. be the Roots of the Cubes, 


e 
" 200 Yi =: 2]-+ 27+ 2 108 12 4 * 12 


ere 3 ee, eee, 
* 64 + 64+ 64+ 64+ 64 320 32 16 4 10 
o+1+8 + 27+ 6425 225 45 326 
F e 
) LS * 
Na 0 
th 


From theſe Examples it plainly appears, that as the Number of 
Irm in the Series increaſes, the Fraction or Exceſs above + 


to decreaſes ; the Exceſs being always Fa. 417 which, if we 


N 
"ll {ppoſe the Series to be infinitely 1 will become infinite- 
mall, or rather nothing. As in the laſt Lemma. 
* Conſequently 4 NLLL may be taken for the true and perfect 
Sm of all the Terms in fuch an infinite Series of Cubes. 


LEMMA Y. _ 
a Series of Blquadrats, whoſe Roots are in Arithmetick Progreſſion 


beginning with a Cypher, &c. as before, be infinitely continu d, 
WY the Sum of all the Terms in ſuch 4 Series will be ML. 


The Truth of this may be manifeſted by the like Proceſs, as 

„in the foregoing Lemma's, and fo on for higher Powers, But if 
os any one deſire a farther Demonſtration of theſe Series, he may 
I preſume) meet with ample Satisfaction in Dr. Wallss's Hiſtory 
of Algebra, Chap. 78 and 79, wherein the Doctor concludes with 
theſe Words. 5 
* Thus having ſhew'd, that in a Progreſſion of Laterals (or 
" Arithmetical Proportionals) beginning at 0» the Sum of 
* 2.3. 4. 5. 6 Terms, is always equal to ; of ſo many times 
the greatelt, and there being no Pretence of Reaſon why 
ve ſhould then doubt it, in a Progreſſion of 7. 8. 9. 10. Cc.) 
* we conclude it ſo to be, though ſuch Number of Terms be 
ſuppos d infinite. 1 
* Again, in a Progreſſion of their Squares, having ſhew'd, 
that in 2. 3. 4. 5. 6 Terms, the Aggregate is always more 
„than + of ſo many times the greateſt ; and the Exceſs al- 


| - ways ſuch aliquot Part of — greateſt, as is denominated 
pe ö * 
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* by ſix times the Number of Terms wanting 1. (As if the 
Terms be 2, it is 4 T7; if 3, it is : ＋ ; if 4 it 
is J T rz; if 5, it is + r of ſo many times the ore 
*< teſt Term, and fo onward) we may well conclude, (there 
being no Pretence of Reaſon why to doubt it in the ref) 
„that it will be ſo how many ſocver be ſuch Number of 
* Terms. And becauſe ſuch Exceſs, as the Number of Terms 
* do increaſe, will become infinitely ſmall (or leſs than any 
** aſſignable) we conclude (from the Method of Exhaultiong 
* that, if the Number of Terms be ſuppos'd infinite, ſuch 
** Exceſs muſt be ſuppos d to vaniſh, and the Aggregate of 
** ſuch infinite Progreſſion ſuppos d equal to + of fo many 
times the greateſt. | | | 

eln like manner, having prov'd that ſuch Progreſſion of 
Cubes doth (as the Number of Terms increaſcth) approach 
«© infinitely near to 4 of ſo many times the greatelt, and of 
** Biquadrats to , and fo of Surſolids to # of ſo many times 
* the greateſt, and ſo onwards as we pleaſe to try, (and there 
being no Pretence of Reaſon why to doubt it as to the reſt) 
ve may take it as a ſufficient Diſcovery, that (univerſally) 
the Aggregate of ſuch infinite Frogreſſion is equal (or doth 
*© approach infinitely near to ſuch a Part of ſo many times the 
<< greateſt, as is denominated by the Exponent (or Number of 
„ Dimenſions) of ſuch Power (as is that according to which 
<© the Progreſſion is made) increas d by 1. namely, of Late: 
“ rals ; of Squares 7 ; of Cubes 4; of Biquadrats +; (of ſo 
© many times the greateſt) and ſo onwards infinitely. 

This Diſcourſe of the Docters I thought convenient to in- 
ſert, ſuppoſing it may give ſome Satisfaction to the Learner, to 
hear ſo great a Man as Dr. Halls Arguments about the 
Truth of theſe Series, which 1 have briefly deliver'd in the 
foregoing Lemma 8s. FEE: | 


L EMMA VE 
If any two Series or Ranks of Proportionals, have the ſame Nan 


ber of Terms, (whether finite or infinite) it will aun 


(A, the firſt Term of one Series: is to the firſt Term of the 
be Tar Series: i s the Sum of all the Terms in the one Series: 
Ceo the Su; of a 


; 4 


the Terms in the ciher Serie. = (12+ f. 50 


> \ 


_— « — 
< —— —-„— 
— —— — - 
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Ein theſe Numbers, 1 3 Or theſe Numbers 4 | - 
| 2] 6 | 12 „ Bk 
) 3145 - 324 405 
K 6118 972 1215 


— — — 


—— 
22 


That is 2x23: : 21: 63. And 4:5 1456 1820 &c> 


ö The Application of theſe Lemma to Geometrical Quantities, 
h vt. to Lines, Super fic ies, and Solids, wholly depends upon gran- 
urg the following Hypotheſes. 

) The Yypotheles, % 

of 1. That every Line is ſuppos'd to conſiſt or be compos'd of 


hn Wl an infinite Series of equidiſtant Points. 


1 2. A Surface (viz, the Area of any Figure) to conſiſt of an 
WY infinite Series of Lines, either freight or crooked, according as 
1 the Figyre requires, Es 


Ml . 3 A Solid to conſift of an infinite Series of Plains or Super- 
tf fies, according as its Figure require. 

Not that we ſuppole Lines, which have really no Breadth, can 
fll a Space or Superficies ; or that Plains, which have not any 
Thickneſs, can conſtitute a Solid: But by what we here call 
Lines, are to be underſtood ſmall Paral.elograms Cor other Su- 
perficies ) infinitely narrow, yet ſo as that their Breadths, being 
all taken and put together, mult be equal to the Figure they 
ate ſuppos d to fill up. 

And thoſe Plains or Superficies, which ars here ſaid to conſti- 
tute a Solid, are to be underſtood infinitely thin; yet ſo as that 
their Depths or Thickneſſzs ( which are bereafter alſo call d Lines) 
being all taken together, muſt be equal to the Height of the 
propos d Solid. | | 

Now, in order to render this Hypotheſis as eaſy for a Learner 
to underttand as I can, I ſhall here propoſe a very plain and 
n. familiar Example. 7 
Vis. Let us ſuppoſe any Book to be compos d, or made up of 
the 100, 200, Zoo (more or leſs) Leaves of fine Paper; ſuch a | 
: lo being cloſe put together, will have Length, Breadth, and 
„) Hr or T hickneſs, and therefore may (nt improper )) be call'd 

a Hlid; and each of its Edges ( being evenly cut) will be a Super- 
fcies compos d of a Series of ſma l Parallelugrams, every one of 
ther Breadths being only the Edge of a ſingle Leaf of Paper; 
and if we conceive the Thickneſs of every one of thoſe Leaves, to 
hi 2 BEP2 be 


x 
: 
[ 
1 
a 
1 
| 
| 
: 
1 


| — ——— 
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be divided into 10, or 100, or 1000, Cc. they will then he- 
come ſuch a Series of infinizely {mall Lines, as are (by the Hy 
potheſis) ſaid to compoſe, or fill up a Superficies, 

And all the Syperficies of thoſe infinitely thin, or «divide 
Leaves of Paper, will become ſuch a Series of Plains or Superþ. 
cies, as are {aid 10 conſtitute a Solid, vix. fuch a Solid as the Big 


neſs and Figure of that Book. 


Now according to this Idea of Lines, Superficies, and Solid, 
one may, without the leaſt Prejudice to any Demonſtratim, 
admit ot the following Definitions and Theorems. 


| Definitions. 
I. The Areas of Squares, and all other Parallelograms, arc 


compos d or fill'd up, with an iafinite Series of equal righ 
Lines. | TS 2 


II. The Area of every plain Triangle, is compcs'd of an in- 
finite Series of right Lines parallel to its Baſe, and equally de- 
creaſing, until they terminate in a Point at the vertical Angle, 


III. The Area of a Grele ma be compos d either of an inf 


- mite Series of concentrick or parallel Circles; or of an infinite &. 


ries of Chord Lines parallel to its Diameter; or of an innumr 
ble Multitude of Sector,. 


IV. The Area of an Ellip/s may be compos'd, either of an 
infinite Series of Ordinates nightly apply d, or of an iuſnit 
Series of right Lines parallel to its tranſverſe Diameter, 


V. The Area's of the Parabola and Hyperbola, are composd 
of an infinite Series of Ordinates, or may alſo be compos d of 
right Lines parallel to their Axis, &c. 


VI. A Priſm is a ſolid Body contain'd or included within 
ſeveral equal Parallelograms, having its Baſes or Ends equal 


and alike ; and it's generally nam'd according to the Figur 
of its Baſe, That is, 


VII. A Cube or Solid like a Dye) is a Priſm bounded or in- 


cluded within fx equal ſquare Plains. 


VIII. A Parallelopipedon is a Priſm that hath its Sides bounded. 
or included within four equal Parallelograms, and two jquare 


Baſes or Ends, 


; IX. A Cylinder (or Solid like the romling Stone in 4 Garden) 
15 only a round P riſm, having its Baſes or Ends a perfect Circle. 


X he 


7 


| 
; 
| 
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X. The Solidity of every Priſm is compos'd of an infinite Se- 
ries of equal Plains, parallel and alike to that of its Baſe. 

XI. A Pyramid 18 a Solid bounded or included within ſeveral 
plain Triangles, ſet upon any Fohgonous Baſe, having their ver- 
ical Angles all meeting together in a Point, call'd the Vertex, 
and takes its Name from the Figure of its Baſe ; viz. if it have 
a ſquare Baſe, it's call'd a ſquare Pyramid; it a Triangle Baſe, 
it's call'd a triangular Pyramid, &c. : 

XII. A Cone is only a round Pyramid, which hath been al- 
rady defin'd in Page 355, &c. 5 

XIII. The Solidity of every Pyramid is compos'd or conſti- 
tuted of an infinite Series of Plains, parallel and alike to that 


of its Baſe, equally decreaſing until they terminate in a Point 
at the Vertex. 


XIV. A Sphere or Globe, (viz. 4 Ball) is a Solid bounded or 
included within one regular Superficies, being form'd or ge- 
nerated by the Rotation of a Semi-circle about its Diameter; 
(calld the Aris of the Sphere) and its Solidity is compos'd or 
conſtituted of an infinite Series of concentrick Circ es, whole Dia- 
meters are the Chords of that Circle by which it was form'd. 

XV. A Spheroid (or Egg-like Figure) is a Solid bounded 
with one regular Saperficies, form d by the Rotation of a Semi- 
lips about its tranſverſe Diameter, ( call d the Axis of the Sphe- 
rod ) and its Solidity is conſtituted of an infinite. Series of con- 
centrick Circles, whoie Diameters are the Ordinates of that El- 
lipzs by which it was form'd. 


XVI. There is another Sort of a Sid call'd an oblate Sphe- 
rod, being form'd by the Rotation of an Ellipfis about its con- 
gate Diameter; and it's like to a flat Turnep, 

XVII. If a mi- parabola be turn d about its Axis, it will 
form a Solid call'd a parabolick Conoid, being compos'd or con- 


ſtituted of an infinite Series of Circles, whoſe Diameters are the 
Ordinates of the Parabola, 


XVIII. If a Parabola be turn d about its Baſe or greateſt 
Ordinate, it will form a Solid call d a Pyramidoid, but moſt 
commonly a parabolick Spindle, which will be conſtituted of 
an infinite Series of Circles, whoſe Diameters are right Lines pa- 
tallel to the Parabola's Axis. 5 | 

XIX. If an Hyperbola be turn d about its Axis, it will form 
a Sdlid call d a hyperbolick (onoid, being conſtituted of an infinite 
Series of Circles, Whole Diameters are the Ordinates of the Hyper- 


g Wa, | 
9 XX. The 


— 
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XX. The curve Superficies of all circular Solids (viz. Gln. 
ders, Cones, Spkeres, &c.) are compos'd of an infinite Series of 
the Peripheries of thoſe Circles which conſtitute their Solidities, 


Upon theſe Definitions are grounded all the following The- 
rems ; and therefore, if they were diligently compar'd with 
their reſpective Figures, it muſt needs be of great Help to the 
Learner, and would render all that follows very eaſy ; where- 
in I (hall begin with what hath been already demonſtrated, 
by way of introducing the reſt, Fr 


THEOREM I. 


The Area of every right-lin d Parallelogram, is obtain d by muli- 
plying the Length into its Breadth. 


That is, BD x FB = the Area of the Parallelooram B DFC. 


Per Lemma I. compar d with F 


Definition 1. | T 
Example, Suppoſe BD = 26. | | 

And FB = 9... | £3 

Then 26 * 9 = 234. the Area. — 

See Problem 1. Page 333. F i —— 


THEOREM Il, 
The Area of every plain Triangle is equal to half the Area of its 
| circumſcribing Parallelogram, 
„ > 
That is. . the Area of A BCD, in the follaning 
Figure. 5 8 
Demonſtration. 
Suppoſe the Perpendicular C A to be divided into an infi- 
nite Number of equal Parts; as 


at the Points a, a, 4, &c. EE a 


and through thoſe Points there | d 

were drawn right Lines paral- | hb | RN TY 
Jel to the Baſe BD, viz. bad, | | To PRA. 
bad, bad, &c. Then will J, "= 
thoſe Lines be a Series of Terms p-— 1 D 
in Arithmetick Progreſſion, be- 3 
ginning at the Point (, viz. o, bd, 20 d, 3b d, &c. as is ev 
dent by the Figure, wherein BD is the greateſt Term = L, 
and CA the Number of Terms = N. © 


| 
But 


— toil oo a Xx» 
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ut ML S, per Lemma 2. And S = the Triangle's 
Area, per Definition 2. Q. E. D. 6 


Example, Let B D = 26. and CA 9. As above. 


26 N | | 
Then - a ? =117. Or * x 9=117. Or thus 26x? = 117. 


the Area rgquir'd. See Problem 3. Page 324. 
THEOREM III. 


The Peripheries of Circles are in Proportion one to another, as their 
| Diameters are. 
Demonftration. | 
Let the Periphery of a Circle be divided into any Number 
of equal Arches, by right Lines i 
drawn from the Center (viz. Radius) 
ſuppoſe them 8, as in the annex'd 
Figure, wherein AB 1s one of them. 
Then if through any Point in the Ra- þ 
dius. there be drawn a concentrick or 
parallel Circle, its Periphery will alſo 
be divided into 8 equal Arches by 
thoſe Radius s; one whereof will be 
ab, and the ACab will be like 
)) ent ws ” 
Therefore C4: ab:: CA: AB, Or Ca: CA:: ab: AB. 
Conſequently 204: 2CA :: 8ab :8AB. 
uy 0 a = d a, the Diameter of the Circle, whoſe Periphery 
is 8 40. 
And 2CA = DA, the Diameter of the Circle, whoſe Periphery 
is 8 A B. Therefore, Cc. as per Theorem. Q. E. D. 


Example, In Chapter 6. Part 3. it was found, that if the Dia- 
meter of a Circle be 2. its Periphery will be 6, 283185307 1795864 
Ergo 2: 6, 28318 53071795864 :: 1: 3,141 5926535897932 
the Peripkery of the Circle whob Diameter is tot i i 


Corollary. 


Hence it follows, that becauſe Unity or 1. may be made the 
rſt Term in the Proportion, therefore 3,14159265 Cc. may 
be made a conſtant or ſettled Factur; which being multiply d 


= any propos'd Diameter, will produce the Periphery of that 
ircle. 


— — 


Note, Inſtead of 3514157265 Kc. is may be ſufficient a 


tate 3,1416, * 
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Or in whole Numbers the Proportion may be 
As 7: 22 :: Diam.: Periphery 5 theſe Numbers may ſerve, and 
Or 113 : 355 : Mer. Pg 


e THEOREM IV. 
| The Area of any Sector of a Circle, is equal to half the Rectangle 


of the Radius into its Arch. 


Demonſtration. 


Suppoſe the Radius CA to be divided into an infinite Series 
of equidiſtant Points; as 4, e, y, &c. and 


through thoſe Points there were drawn 8 
concentrick or parallel Arches, as ab, ed, ar 
7 f, &c, Then they will be a Series of Arches a 


in _Aritkmetick Progreſſion, beginning at the of \ Al 
Point C (wiz. o, 1, 2, 3, Cc.) as plainly / 
appears by the Figure, wherein the greateſ 
Term is AB = L, and Number of Terms / 
is CA= N. But 2 NL = S the Sam . 
of all the Series, per Lemma 2. And | | 
S — the Sector's Area, per Definition 3. Q. E. D. 
Example, Let the Radius CA = 12. And the Are AB'=8, 
Then — = : = 48. Or * X8 = 48. Or * x 12 = 48. 


the Area of the Sector ACB. 


THEOREM V. 


The Area of every Circle, is equal to half the Rectangle of the 
Radius into its Periphery. 

That is, 122 to Archimedes, 4 Grel rs equal to a right- 
angled Triangle, whoſe Sides containing the right Angle, art 
equal, one to the Radius, and the other to the Perimeter of tha 
Circle. Pro 1. de Dimenſione Circuli. 


The Truth of this Theorem may be eaſily deduc'd from the 


laſt, thus, if we ſuppoſe the laſt Sector to be one eighth Patt 


of a Circle; then it follows, that — 0 2 —4AB & CA 


will be the Area of the whole Circle. 5 
But 44B = half the Circle's 17 and CA= half 
Ul 


its Diameter, Therefore, Cc. as per T, 


are often us d in com.Praflice. 


a 4” — 


. kc... %. en. ff wo: © 


eg 


jt 
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| Examp! e, If the Diameter be Unity or 1. the Periphery will 
be 3.141 592686, Ce. per Theorem 3. 
Ihen fal XK 3 =0,78539816;0Oc. (o- 0,78 54 f ene | 
mon Uſe ) will be the Area of that Grele, 


Scholinn. 


From hence naturally flows the following Proportion between 
the Square and its inſcrib'd Circle. 


of any Square : is tb its Area:: ſo ts the Peripke: 


7 the Perimeter (viz, the Sum of the four Sides) 
Pꝛopoꝛtion. 


ry of the inſcrib'd Circle: to its Ares. 


That is, ſuppoſing 4B = D = the Side of the 828 and 


the Diameter of: its 1 ib d Cirtle. 

Tien 4D = the Perimetcr ; DD = the 
Area of the Square: and 3, 1416D = the 
Prripkery of the Circle. Ver Theorems 3 
But 4D': DD :: 3,1416D : 0,7854DD = 
the Gr cles Area, 

And if D=1. Then 4D us = 4 and 


B 


DD 8 ;= x5” And the n 8 8 Fi . | A 


will be 9 


Then 4: 


12 1: 9,7854 Cc. as in the — above. 


And 955 hence may be eaſily deduc d the following Theorem. 


THEOREM VI. 


The Area's of all Circles are in Proportion one to another, a4 tie 


Squares of their Diameters. (2. e, 12.) 


For if D = the Diameter of one Circle, and d = the Dia- 
meter of another Circle. 
Then will 0,7854DD be the Area of one Circle, and 0,73 54.4d 
will be the Area — the other Circle, as above. 
But 0,7854DD : 0,9854dd : : DD: dd. Or thus. 


Let D — 


— the Diameter, and P = the Periphery of one Circle, 


S the Diameter, and p = the Periphery of another Circle. 


Then | 11 


And 2 | 


* 4/3 
2X 414 


Dx P = DP = A the Area of one Circle 
id * 3Þ = 4p 24 the Area of the other Circle. Per 


DP—44 | (laft Th.orem. 
d 8224 4 i 
Pug $f Lia 
D 9 
Eff ——— 
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4 = 4| 6b = 7 | 
But 5|P :p:: D: d. Per Theorem 3. 
' Sa 4 
$7 0 1 pt 7 
8 9 4DDa = q4dd4 That is, DDa = ddA4 
„Anal. 10 


DD + 4 :': #8: 4 Or fi; „ DD: 
— — 5 D. 


Corollary. 

Hence it follows, that becauſe the Square of I. is 1. (viz, 

I X 1 =1) and 0,78539816, Cc. Or o, 7854 is the Area of 

the Circle whoſe Diameter is 1. (As before) therefore it will 

be 1 : 0,7854 :: So is the Square of any Circle's Diameter: to 

its Area. And becauſe 1. is the firſt Term in the Proportion, 

therefore 0,7854 may be made a conſtant Factor; which being 

um tiply'd into the Square of any propos d Diameter, wall pio- 
duce the Area of that Circle. | 


NCedte, The four laſt Theorems do plainly ſhew the Reaſon of al 

the common ar practical Problems about a Circle; which, for tle 

_ Learner's farther Satisfaction, I have here inſerted together, ſupp 
{ing as before, | 


D = the Diameter | 8 

That 1 dhe es of any propos d Circ. 
A — the Area | 3, 

Then ; Prob. 1. D, being given, to find P. 

III: 3 416 :: D: P. Per Theorem 3. 

I oF 2 3,1416D — P 
Example. F Suppoſe D=32. Then 3,1416X32=100,53!! 
the Periphery. | 

I Prob. 2. D, being given, to find A. 
13]1 : 0,7854 :: DD: A. Per Theorem 6. 

3 **14]0,7854DD = A | | 
Example. Suppoſe D = 32. As before. 

LOUD = 32 32 =1024. 5 
And | [27554 X 1024 = 804, 296 the Area requir d. 


Prob. 3. P, being given, to find D. 


SY 6 becauſe —— = 0,318 

2 ** D — 351416 . 
3 or Or 8 therefore 0, 3183 P = 
This being on ly Converſe to the firſt needs no Exan 


2 &? 


1 
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ö Prob. 4. P, being given, to find A. 
2 0 2] 6]9,86965DD — PP | | 
— DD = Or 0,10132PP = DD 
; | 4 | 9,86965 5 a 
＋ DD = . Ox 1,27 2A = DD 
kor sf = 152732 
7 81 9 of - = = Or 0,10132PP = 1,2732.4 
I © [9,86965 o, 7854 3 
9X &c. 10 La — A Or 0,07957PP = 4. 
12,5664 5 5 
Is Prob. 5. A, being given, to find D. 
g % 2011 DP N —— Or D=V 1,2732A 
— þ Prob. 6. A, being given, of find P. 
ox &c. by PP = 19,46644 Or FF= 2 7 75 | 
2wW 2[12|[P=v12,56644 Or P = y — 


0,0795/ 


4 


Theſe fix Problems contain all the Variety that can be propo- 
5 ww finding the Periphery, Diameter, and Area of any 
Ice, | 

But if it be requir'd to find the Area of any Segment, or Part 
of a Circle cut off by a Chord, that Work will require a far- 
ther Conſideration. 9 8 

Firſt, As to the Data, there muſt always be given the Diame- 
ter ; or, either the Periphery, or Area of the Circle, in order to 
find the Diameter. | 
| Secondly, There mult alfo be given, either the Chord, which 
8 the Baſe of the Segment, or the verſed Sine, which is the 
Height of the Segment, | | 

hat is, either BG, or AF, in the following Scheme, muſt 

be given, that fo the Area of the A BCG may be found. 

Then it's evident, (by the Figure) that if the Area of the 
ABCG be taken from the Ares of the Sector CBAG, the 
Remainder will be the Area of the Segment BAG. 

And if the Area of the Segment BAG be taken from the 
Whole Area of the Circle, the Remainder will be the Area of 


the other Segment DB G. 
: _ 2 Example 


he 
1 


404 Tze Atichmetick of Jnfinftes Part V. 


Example in Numbers, 
Let there begiven DA— 32. as in Prob. 1. 

And the verſed Sine AF = 6. 

Then FDA= BC =CA=a 16. 

And CA —A4F —CF = 1c. D. 

But GBC CF BE. | 

Conſequently BC -CF= BF. N 
1. 156 = 12,49 = BF. N 

Then by the Doctrine of pl-jn Tri- gi 

engles, the Arch BA = LB CA may be 

found in Degrees and Decimal Parts; 

Thus BC: Radius: : BF : Sine LBCF = 51* ,31 Degrees, 

And then it will always hold in this Proportion. 


F 


o 

3 

- 
— „* 
* 
. 
* 
* 
* 
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0 
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* 
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1 


in equal Paris, (according to the Dimenſions taken) : : 
Jo ts the Arch in Degrees (viz. LN CA): to the ſane 
Arch in equal Parts, 


Viz. 


* 
\ 


5 the Circle's Periphery in Degrees : is to its Periphery 


Ihbat is, 360%: 105,5312 : : 517,31: 14,3284 = BA 
Then 14,3254 Xx 16 = 229, 2544 the Area of the Sector BCAS, 
And 12,49 X 10 = 124, the Area of the GB CG. 


Their Difference 104, 3544 = the Area of the Segm. BAG, 


Or the Area of any Segment may be otherwiſe found (as mi 
wſually it is ) by a Table of the Segments of a Circle, whoſe Area 
15 Unity or 1. The Conſiruition or making of ſuch a Table, 18 
very well laid down in Mr. Darie's Book of Gaug ing, Chap. 9. 
which he performs in this Problem. 


| + ROB LEM 

In a Circle whoſe Area is Unity, and its Diameter cut by Chord 

Lines into Io equal Parts, to find the Segment to any verſed 
Sine propos d, not exceeding 500 of thoſe equal Parts. 


1. Multiply the verſed Sine propos'd, by 0,002. and ſalſtral 
the Product from an Unit or 1. - 

2. This Remainder you ſhall ſeek in the common Table of Nt 
tural Sines; (the Arch being divided into Degrees and Centeſimal:) 
which being found, let its C- Arch be doubled, and call'd 4. 


235 You ſhall find the correſpondent Sine to A; which Sine 
being found, you may call $, and then it holds. 2 
6,2831853) 074532925 — 5 ( = the Segment requir d. 


Now 


— 66mm . .r. rr v ee, eas Teawn cnn. 
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. 


Now this Segwent being thus found, if you ſubdat? it from 
in Unit, you have the Co-Segment, Sc. | 


Note, Notwithſtanding mat kath been ſaid in the ſecond Precept 
of this Problem, it very often falls ont. that the Remainder there 


ſpoken of, cannot be truly found in the Teble of natural Sines ; 


therefore in this Caſe my Advice is, that you make two Operations, 


me with a Sine the next greater, and one with a Sine the next 


leſs 3 and in ſo doing you will be ſure to Fave the Segment requir d 
hunded between the Reſuits of thoſe two Operations. 


Example, Let it be propos d to find the correſpondent Segment to 
the verſed Sine 263. 


Firſt 263 X 0,992 = 0,526. and 1 — 0,526 = 0,474. its 


Arch is 28% 29 being leſs than juſt; its Complement is 61,71 

wich bei: ig doubled, is 123,42 = 4, 

Then „1745334 = 2,154086286 a 
— , 83465 56 = S The Sine of A. 


—— 


6,2831853) 1,319430686 (c,209993 the Segment. 
Now I make a ſecond Work. | 


263 being multiply'd with 0,c02 is 526, and 1 — 526 =0,474 


its Arch is 28,30 being greater than jutt ; and its Comple- 
ment is 61,70 which being doubled, is 123,4 = A. 
Then 0,01745334 = 2,1537372 3 
— , 8348478 — $ The Sine of A. 
6,2831853) 1,3188894 (o, 20 99 7 The Segment. 
SO you lee by theſe two Operations, that the Segment is boun- 
ded, and tis very probab'c it may be , 20995 
But to abbreviate this large Factor, and this large Diviſer, 
[ (hall here inſert two Tablets of them, which will be ready 
for Uie and exaf enough 100, | 


Diviſor. Fatior. Thus far Mr. Dary, which! 
6,2822 [1] 501745331 have here inſerted to ſhew the 
12,5664 |2] |,0349066|2| Learner how, by the Help of 
18,849513] [9523599 |3| theſe two Tablets and a Table 
25,327 4] [|,9698132|4| of natural Sines, he may eaſily 
31,4159|5 [8726655 make a Table of S:gments , 
37,0991 [6] [,1047197;6 | whoſe Ufe ſhall be ſhew'd far- 
43,9923|7j [,1221739|7 | ther on, vis. when I come to 
52,2655 8 [,1396263.i8| treat of practical Gang ing. 
56,5487 9 515707969 In the mean time 1 ſhall here 
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10 find the Area of any Segment of a Circle (very near) by a 
new Theorem, withcut the Help either of a Table of Sinet or 
Segments, having the fame Data as before in Page 404. 


FE the Radius, or + Diameter of the given Circle. 


Viz. Let d = the Difference between the verſed Sine and Radius. 
AC = half the Chord of the Segment's Baſe. 
dem. L -l e g the n ein 
Theozem.“ IE „CD, the Area of the Sep. 


Example, Suppoſe R = BC= 16. d = FC = 10. and 
C — BF = 12,49. As before, | DE 

Then 27 KR = $97,3333- 17Rd = 213,3333. dd = 100 
e 313,3333 = 13d + dd 
r*R + d— 34) 284,000 (8,3529 

Laſtly 8,3529 x 12,49 = 104,3276 the Area of the Sg- 
went BAG, as before. TY 

| THEOREM. VIE ED 
A. Squares are to the Area's of their inſcrib'd Circles, ſo are Paral- 

lelograms to the Area's of their inſcrib d Ellipſic. 

1 As the Square of the Diameter of any Circle : ts to its 
That ts, | 


Area : : ſo is the Rectangle of the tranſverſe and conſu- 
gate Diameters of any Ellipſis: to its Area. 


Demonſtration. | 
Circumſcribe any Ellipjis with a Circle; and ſuppoſe an inf- 
aite Number of Chord Lines drawn therein, all parallel to the 
conjugate Diameter, as thoſe in the annex d Figure; then it will 
FA. (DA) the Diameter of the Cirche : is to (Mn) tit 
conjugate Diameter of the Ellipſis : : ſo is (BaB) ay 
C:ord in the Circle: to (ba b) its reſpective Ordinate in 
the Elli pſis. 55 T 
For according to the Proverty of the Circle „ 
it is 1 5 — N, T4 = OBa „ „ N 
And] by the Property of the Ellipſi '» / 4 E 
it is 2 DTC NUTS -IAN TA. Nba N x 
1, e ONC:: 084: ee 
z; hence 47 C: NC:i: BI . 
Conleg.is/27C: 2NC:: 2B. : 24. 
That is, DA: Nn::BaB:bab 
Put 7D = 27 C, and d = 2 N C 
Then 810: d :: Chord Ba B: Ordinate bab, &c. 


be 


But 


V. 
a 
or 


——Apply'd to Superfictes and Solſds. 407 


But the Sam of an infinite Series of ſuch Chords, as B a B, 
do conſtitute the Area of the Circle, per Definition 3. 
And the Sum of the. like Series of their reſpective Ordinates, 
3s b4b, do conſtitute the Ellipſis Area, per Definition 4. 
Therefore D: d:: Circle's Area: Ellipſis's Area, per Lemma 6. 
But D: d :: DD : Dd. Whence it follows, 
That DD: Circles Area:: Dd : Ellipſiss Area, Q. E. D. 
Conſequently, As 1 : is to o, 7854 :: fo is the Rectangle 
or Product of the tranſverſe and conjugate Diameters of any 
Ellipfs : to its Area. bY 8 
Example, Suppoſe TS—=36. and Vn . Then 36 X 16 = 576 
And 5761 o, 7854 452, 3904 the Area of the Ellipſu. 


Corollariez, 


1. Hence it is eaſy to conceive, that the ſquare Root of the 
Reflangle or Product of the tranſverſe and conjugate Diameters, 
will be the Diameter of a Circle, whoſe Area will be equal to 
the Ellipfis's Area. Ds | 
Viz. / 576 = 24 the Diameter of a Circle = to the Ellipfis. 

2. All Segments of an Ellipfis and its circumſcribing Circle, 
(whoſe Baſes are parallel to the conjugate Diameter, and of the 
ſame Height) are in Proportion one to another, as their Baſes are. 


That is, Baß : bab : : Area Segment BT B: Area Segment bTb 
Or TS: Nu : : Area Segment BT B: Area Segment bT b. 


THEOREM VII. 


The Area of every Ellipfis, is a man Profortional between the 
Area's of its circumſcribing and inſcrib d Circles. 


The Truth of this Theorem may be eaſily deduc'd from the 
laſt; for ſuppoſing D = TS, and V | 


SM, as before. Then it is al- . 
ready prov d, that DD : Dd :: cir- eb. 
ring Circles Area : Ellipſis of „ % 
rea, . | | ＋1— —— 5 
But DD : Dd :: Dd : dd. . 
Therefore, Eliipfs Area : inſeridd ><. | oo 
Lircle's Area:: Dd : dd. 5 
Per J heorem 6. „ gn arent 


Example, Let TS = D = * and N = d = 16. as before. 
Then DD = 1296. and dd = 256. 5 a | 
> - | Ahnen 


ar Artehmntok of Bnfiitaw err 


| 1296 * 0,7354= 1017 $734 the great Circle? $ Are 
Then in 5 25 5% 0.98 54 — 2016 24 the leſſer Circle's Sk 


Suppoſe A the Ellipſis Auel. Then accord to the The. 
orc, it will be, 1017,8784 A:: 1 20 8624. | 
Ergo AA =,1017,8784 XK 251,0624 = : 204657,07401216- 
Conſequently, . 1 204657,97421216, = 452,390 = A, the 
Aren of the , as before in the la Ex:mp'e. © 


C 0 


From hence it follows, that all Segmrents ok un Elly an 
its inſcrib'd Grcle whoſe Baſes are parallel to the tranſverſe Du. 
meter, and have the ſame Height, are in Proportion one to ano- 
thers, as the Area's of the E Eli lips and Circle are. 

That is, Area. of Circle: Area of Eliipfis : : Segment b Nl 


Segment B NB. 
05 Vn: TS ::: Area Segment b Nb : Area Segment * N B. 


THEOREM IX. 


T he ſolid Content of any Priſm (what Figure ſoever its Baſe is 
ol) i obtain d by n fe Area of its Baſe inte its 
Height. 


For Inſtance, a Paralletopipedon Cor ſquare Priſn ) 18 conf] 
tuted of an infinite Series of equal Squures; ” 
that of its Baſe BAbæ being one of the Terms, —06 
and its Height DB or GA the Number of all[lE 
BA DEC I EG 0 LS 
Conſequently, the Area of BAba x DBS U 
the Sum of all the Series (per Lemma 1.) which 
is the Solidity of the Paralle. Urpeden, DB G A, 

per Definition 10. e 


Kren Snproſethe Giver the Baſe Pda B Cc 
and the Heig/t DB = 42. 2&9 
Then will 16 X 16 = 256 be the Area of che E 
Baſe. And 256 X 42 10752 the ſolid Con- fn FRY 5 45 
tent of the Parailelopipedon D BGA. 5 

In this manner you may find the Solidtty of all regular Poh- 
gonious Priſms, whoſe Baſes Cor Ends 5) ate parallel and alike, 
what Form ſoever they are of. : 

That 's,. whether their Baſes are Triangles, Pentagons, Hex 
Zons, or Oftagons, 8&c. 

K 


f — THEOREM 


66, 


Apply q to Superficies and Solids, 409 
THEOREM x. v6 


Every Pyramid is the third Part of the Priſm, that hath the tbe 


Baſe and Height with it. (7. e. 12.) 


That is, the ſolid Content of the Pyramid BVA, (in the 
ef Fignre ) is one Third of its circumſcribing Priſm D BGA, 


Demenftration, | . | 
Fot every Pyramid that hath a ſquare Baſe (as BA ba in the laſt 
Figure) is conſtituted of an infinite Series of Squares, whoſe Sides 


of Roots are continually increaſing in Arithmetick Progreſſion, begin- 


ning at the Vertex or Point V ( SeeT heor, 2.) its Bafe BAb a, be- 


ing the greateſt Term, ( L) and its perpendicular Heivht VC 


or DB, is the Number of all the Terms (N); but * 8 


the Sum of all the Series, per Lemma 3. and S = k © ſolid 


Content of the Pyramid B VA, per Definition 13, 
Example, Suppoſe the Side of a Pyramid's Baſe be BA = 16. 


and its Height be VC = 42. Then 16 x 16 = 256 the Area 
of its Baſe BAba, And == * Or; x 42 = 3584. 
VA. 


Or thus 256 x „ = 3584. is the Solidity of that Pyramid 
Corollary. 


From hence it will be eaſy to conceive, that every Pyramid 


1s F of its circumſcribing Priſm, what Form ſoever its Baſe is 


of; vid. whether it be a Square, Triangle, ot Pentagon, &c. 


——— I THEOREM N. ow 
The ſolid Content of every Cylinder, is obtain d by multiplhying the 

Area of its Baſe into its Height, CE ant 

For every right Cylinder is only a round 

Priſm, wh e of an infinite Series D 3 485. G 
of equal Circles; that of its Baſe or End be- 
ing one of the Terms, and its Height DB 15 
the Number of all the Terms. Therefore the 
Area of its Baſe BA being multiply d info 
DB, will be its Slidit), per Lemma. I. 
Viz. Let D BA, and H= GA. | | 
Then 0,7854DD x H = its Solidity. B 
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410 The drithmetick of Jnfinites Part V 
Example, Let the Diameter of its Baſe be D 16. and its 

Height H 8 5 

Then 1: „7854 :: 16 X 16 = 266: 201,624 the Area of 

fan 201.0624 * 42 = 8444, 6208 the ſolid Content of that 

351 5 


nder DB GA. 

| Corollary, 

Hence it's evident, that every ſquare Parallelopipedin is to 
its inſcrib'd Cylinder, as 1 : is to o, 7854. Or in whole Num- 
vers, as 452 : to 355 very near, 8 
And that all Priſms are in Proportion to their inſcrib'd Clin. 
ders, as the Area's of their Baſes are. | 


„ HEOREM wt 
T he curve Superficies of every right Cylinder, is equal to the Reflan- 
gle made of its Height into the Periphery its Baſe, 


That is, DB mu'tiply'd into the Periphery of the Diameter BA 
will produce the curve Superficies of the laſt Cylinder DG BA. 
For the Cylinder is conſtituted of an infinite Series of equal 

Circles; ( according to the laſt Theor.) therefore its curve Superf;- 
ties is compos'd of the Peripheries of thoſe Circles, per Defini- 
tion 20. But the Periphery of its Baſe BA is one of the 
Terms, and its Height D B is the Number of Terms. There— 

fore, &c. as per Lemma 1. 5 

Io which, if there be added the Area's of both its Ends, 
Cor Buſes) tlie Sum will be the Swperficies of the whole linder 


Example, Suppoſe the Diameter of its Baſe to be B A = 16, 
and its Height D B — 42. as before. 5 
Then 1: 3, 1416 :: 16: 50, 26 56 the Periphery of its Baſe. 
Again, 1 : 0,7854 :: 16 X 16 = 256 : 201,0624 the Area 
9 End or Baſe. 
Then 50, 2656 X 42 = 2111,1552 the curve Superficies 

Towlichadd 201,264 * 2 = 402,1248 both the end Area's 

1 The Sum S 2513, 2800 is the Superficies of 
the whole Cylinder, FT "WE; 


THEOREM XIII. 


Every Cone is the third Part of 4 Olinder, having the ſame Buſe 
| with it, and their Altitudes equal, (10. e. 12.) 


0 Demonſtration. 


— 2 


Apply d to Superfictes and Solids, 411 


* 


| j Demonſtration. 
of The Truth of this Theorem may be eaſily conceiv'd by only WF || 
conſidering, that a Cone is but a round Pyramid, and therefore W 
at W it muſt needs have the ſame Ratio to its circumſcribing Cylinder, „ 
35 the ſquare Pyramid hath to its circumſcribing Parallelopipedon ; 1 
viz. as I : to 3. However, to make it yet clearer, let it be 1 
to Y farther conſider d, Fhat | Wil | 
2 Every right Cone is conſtituted of an infi- 1 
nite Series of Circles, whoſe Diameters do con- | 
1. tinually increaſe in Arithmetick Progreſſion, be- 
ginning at the Vertex or Point V, the Area of 
its Baſe BA beinx the greateſt Term, and its 
perpendicular Height VC the Number of all the 
Terms; therefore the Area of the Circle Ax C 
vil be the Sum of all the Series, per Lemma 3. 
which is the Cone's Solidity, = 7 1 Re? 5 
8 8 
4 Example, Let the Diameter of its Baſe be 
: BA = 16, and its Height VC — 42. | 
al 
7 Then 1 : 0,7854 :: 16 * 16 = 256: 201,0624 the Area of the 
Baſe. And **'1*52* = 2814, 8736 the Solidity of the 
de One BY 4. Or thus, 201,0624 X 2 2814,9736, &c. 


. Corollary. 
s Hence it follows, that every ſquare Pyramid is to its inſcrib d 
Cone, as 1: 0,7854. (Or, as 452 : 355.) Conlequently, 
tht all Pyramids have the ſame Ratio to their inſcrib d Cones, 
6, F #5 the Area's of their Baſes have, Fi 


, THEOREM XV. 
be curve Superficies of every right Cone, is equal to half the 

ge of the Periphery of its Baſe into the Length of its 
Ide. | | 


The Truth of this Theorem is ſelf-evident from the Definition 
of a Cone, Chap. I. Part 4. where it appears, that the carve Su. 
perficies of every right Cone (as BY A) is equal to the Area of 
a Kdlor of that Cycle, whoſe Radius is the Side of the Cone 
(VB) and its Arch equal to the Periphery of the Cones Baſe 
le (BA). But the Area of any Settor is equal to half the Rectan- 
dle of the Radius into its Arch, per Theorem 4+ Therefore, Cc. 


n. | Geg 2 Example, 


—— — — 


/ 
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"Exaniple, Suppoſe the Length of the One s Side to be 2 
or VA = 42,7551. 


* the Diamerer of its Baſe, viz, 34 76. as before, A: q 


Then will 50; 1 be the Per iphery of its Baſe. 


And S = 1074,5553, Tc. the Curve of-the 
Superficies, 


Fo which, + there be added the Area of its Boſe p BY: Sum 


will be the Superficies of the whole (viz. all the 1 


That is 109445553 
+ 201, 624 the Area of the Baſe. 


= Sum 1275,6177 is the total Superficies, &c. 7 0 
Note, The I ruth of this Theorem may be prov d "ow the . 
| deration Ci rhe laß Theorem and Definition 20, | 
Scholium. 
From the 10th and 13th Theorems, may be eaſily deducd 


ſeveral Theorems for finding the ſolid Content of any Fruſtun 
er Part either of a Pyramid or Cone, cut by a Pate B to 


its Baſe. 5 
Suppoſe a * Hyranid, as BA, to ** 
be cut by a Plain at ab parallel to its FR 


Baſe BA, and it were requir'd to find 
the Solidity of the Fruſtum or Part 4 bA B. 
Let there be given 


D = BA the Side of the greater Baſe. 
-.4 = b 4 the Side of the leſſer Baſe. 1 
5 — 6 P the perpendicular Height, Bo—— 


Firſt | 11D — 4: H:: d: oe e by the be 


| H. 6 
Then] 2 ſpp * 5 = the whole Pyramid BV 4 
| 3 
Per 3 10. 


And 3 dd x Vc = the Pyramid 4% b cut off. 
DDDH 


Fix. 1, 24 25 —24 = = the whole Pyramid BY A. 
2 


And 1, 3 5 2D ad = the Pyramid aVb. 

Dan 8 

4 — 5 6 8 = the kran 4b 4B. 722 

6, Redue. 1 D. DT 4: x H the Fruſtum abAB. 
Which i in Words gives this following Theorem. 


THEOREM 


B 


« I) 


£ 
Js 
J 
7 


in 


um 
V. 
— 


. A — — —— . . ̃ ᷣ—ꝛ  rns —n 


n * 


Dee 473 


8 THEOKEM „ 
71 the N the Sides of the two Baſes, ald the: Sum of their 
Squares :that Sum being multiply d into one Third of the Fru- 
um s Height, will gize its Solidity. — "bi 
Example, Suppoſe the Side of the greater Baſe BA = 16. 
And he Se of the leſſer Baſe Cor Tip) ab Fax, of —_ 
The Height CP — 8 
Then 16 X 12 2 192. 16 X 16 = 256. and 12 X 12 = 144» 
Next 192 + 256 + 144 = 592. and = — 1796 


Or 592 * 2 = 1776 the Content of the Fruſtum of a ſquare | 


And if it were the like Fruffum of a right Cone, it may be 
found by the ſame Theorem. Suppoſing V S the Diameter of 
the greater Baſe, d = the Diameter of the leſſer, and N the 
Height of the Fruſtum. | EY 
Then being the Sum of all the Squares, which conſtitute the 
Fruſtum of a ſquare Pyramid, are to the Sum of all the Circles, 


which conſtitute the like Fruſtum of a right Cone, in the Ratio 


of 1 : to 0,7854. (or of 452 : to 355.) Therefore 
it will be 1: 0,7854 : : DD + Dd + dd x 3H : 0,9854DD 
+ 0,7854Dd -+ 0,7854dd x 3H = the Cone's Fruſtum. 


That is, in the laſt Example, 1 : c 7154 :: 1776: 1394, 8704 | 


the like Fruſtum of a right Cone. 


Or, becauſe e = 1, 273236, Cc. Therefore it may be 


made 1, 273236) DD D4 + dd x , H (= tle fame Fruffum. 
That 1s, 1,273236) 1776 (1394.87, Cc. as before. 
And if you take the Triple of this Diviſor, viz. 1.273236 X 3 
it will be 3,8197) DD + Dd dd: x H (= the Fruſtum, &c. 

Again. 1 
duppoſe 1 * =D —d. And P = the Fruſtum 

F 

Then 2 DD + Dd + dd = LA per 7th Step of the laf. 
I @& 2 r 206-4 
@ 4 3Dd => — xx 
„ | ATED 
+ 27 Dd = — 3 xx. Or Dd + +xx = FF 
5 * H E Dd gx: H F the Fruſtum a b 4 * 


n Hence we have another caly Theorem for finding the fame 
THEOREM 


2 
7 


Fruſf um. 


414 -” Arithmetick of Jnfinites Part 7 


To the Rectangle of the Sides of the two Baſes, add one third Part 


produce the true ſolid Content of all Fruſtums of any kind of p 


EC 4 ⁵ n Æ·— — — —ů — — 


— —— RG 1 


THEOREM XVI. 


of the Square. of their Difference; that Sum being multiply} 
into the Height, will produce the Solidity. 2 70 


Example, Let D 16. d = 12, and H=— 9. as beftre 
Then Dd =192. D—d=q4=r. jxx = == 53331, 
And 192 T 5,3333 = 197,3333- 
Laſtly 197.3333 X 9=1775,9997 the Solidity of the Fruſun 
of the ſquare Pyramid. As before. e 


And 3,8 1968) 1775, 9997 (1394, 87, Cc. the like Fruſtam of 
a right Cone. As before. | 


ither of the two laſt Theortms C being rightly e ) will 


ramids, that are intercepted between two parallel and alike Plan 
or Baſes. As above. 


But if ſuch Frafams are cut through the Extremities of both 
Baſes by a Diagonal Plain (as Ab in 
the anne rd Figure) into two Parts, a, b 
Aab, and ABb, call'd Hoofs : Then 
the Solidiry of thoſe Hoofs is uſually 
found by dividing the middle Term Dd 
of the equation DD + Dd + dd 
into two Parts, and adding one of 
thoſe Parts to the Square of each Baſe, A BT 


Thus, DD + 3Dd : x;H = the great Hoof ABb, 

And 4d d: x H the ſeſſer Hoof A ab, of th 
Fruſtum of any ſquare Pyramid, | 

Then 3,8197) DD+#D4d: x H (= the greater Hog! of a Cont, 
And 3,8197) dd +3Dd: x H (= the leſſer Hoof, &c. 


Theſe are the Theorems made Uſe of by Mr. Dar) in hs 


Bok of Gauging, and are pretty near the Truth, but not «i 


actly ſo ; for they give the Solidity of the upper Hoof A « 


a imall Matter too big, and the lower Hoof A B b as much 


toc little, 


Now, in order to rectify that ſmall Error, 1 (hall her 


propoſe the two following Theorems, which come very ne 


the Truth, and are more eaſily perform'd than thoſe proposd 
in the firſt Impreſſion of this Bok. ri 
er llt 


— —— ee — _ TT 7 a — | 
Apply'd to Superficies and Solids, 415 
Firſt, DD + $#Dd + D — d: XH will be the Solidity 
of the greater Hoof A b. SE Tn, | 
15 Secondly; d d —+ 1 D d * 12D: 1H will give the 
jd 849 dt the leſſer Hoof A ab, of the Fruſtum of any ſquare 
| Pramia. 0% 


And for the like Hoofs of the Frufum of any right Cone, it 
will be IE | Fe TOE 
Thus, 3,8197) DD-+3Dqd+D—4 : „H (= the greater Hoof. 
And 3,8 197) 44 +3Dd+ d—D: & (=the leſſer Hoof. 


Note, In order to avoid many Words in the following Demonſtra- 
ons, let © ſignify any Circle in general; and if any two Letters 
join dito it, thus, OBA, &c. it then denotes the Area of ſuch 
i Grele as thoſe two Letters repreſent the Radius of. 


THEOREM XVII. TY 
e Superficies of every Sphere (or Globe) # equal to four times 
oth the Area of its greateſt Gele. f 5 


1 


That is, of a Circle whoſe Diameter is the Axis of the Sphert. 
| Demonſtration. 


If any Semi- circle Cas AT CS) be turnd or movd about 
Its Diameter (TS) it will deſcribe a ſolid Body call'd a Sphere, 
which will be con/tituted of an infinite 
E WW Fries of concentrick or parallel Circles, 
whoſe! Diameters are Chords, viz. ab. 
„Oed. Oef, &c. per Definition 14. 
te Conſequently, the Sperficies of the 
Sphere will be compos'd of the Peri- 
one, pteries of thoſe Circles which conſti- 
me its So idity. Per Definition 20. 
Let D=TS, the Axis of any Sphere. 
hi Then, according to the Property of a 
t er: Cle, it a 
4% will be. B -T x Th= Db 
That is, 2 DT DOTb — Qab | 
Therefore! 3 DN Tb = QaT. For Qab + OTb = AAT 
And J 4 D NTA Der an | 
<ISTDxTf = QT, &c. 


Firlt, Hence 


l 
1 
ö 
* 
1 
#4 
j 
{ 


meticſ Progreſſion. Whence it follows, that the O 47 = the 


SRI IE Vilas 3 —— - R . — g 
c eee . — — IR a — 


Hence it's evident, that the Series HT He. ONT, & 
are in the ſame Ratio with Th, Td, Tf, &c. viz. in Arith 


Sum of all the Circle's Peripheries between T and b, 

And Oe = the Sum of all the Grele's Peripheries between 
T and d, &c. | ; 
Conſequently, that the OAT = the Sum of all the Circles 
Peripheries included between 7 and C. That is, @ AT =the 
Super ficics of the Semi- ſphere. 5 

And becauſe AC + C= nAT, and AC S 
Therefore OA = 20A is the Superficies of the Hemi ſphere, 

Conſequently. 404 C will be the Superficies of the whole 
Sphere. | Q E. D. | 


Example, Suppoſe the Axis TS=D=16. Then DD = 256, 
And 1 : 0,7854 : : 256 : 201,0624= OA. For; D = AC 
Then 201,0624 X 4 = 804, 2496 the Superficies of the whole 


| Sphere. 


Or, becauſe 3,1416 is four times, 0,7854. therefore it wil 
always be 1 : 3,1416:: DD: 3,1416DD the Superficies of 
the Sphere, (as before) and it's equal to the curve Superficie 
of a right Cylinder, whoſe Diameter and Height are each =D 
the Axis of the Sphere. 55 

For 3,1416 = the Periphery of the Clinder's Baſe, and 
that multiplyd with D its Height, will be 3,1416DD the 
curve Superficies of the Cylinder, per Theor. 12. 

And if to this, there be added the Area of its two Baſes, (u 
Ends) viz. 1,5703DD. Then it is evident, that the whole 
Superficies of the Glinder will be to that of the Sphere, ip thi 


Proportion of 3. to 2. 
Scholium. 


From the Method here us d in proving the laſt Theorem it wil 
be eaſy to find the curve Superficies of any Segment or Part 0 
a Sphere, that is cut off by a right Line or Plain; viz. fuchs 
the Segment 47 m in the laſt Scheme, whoſe curve Syperfici 
is O47, (as above.) Therefore (becauſe ab ＋ QTb = ©!) 
it will be © 4b OTS the curve Superficies of that & 
ment. He | | 
But if the Axis T'S, and Height Tb of the Segment are givel, 
then it will be TS x Tb = U aT, as in the third Step abo. 
Which gives this Prqportion or J heorem. 


Vi 


1 


| greateſt Term, and TC the 


F T ET nd Solivs, - 
Ari bf the Sphere : + to tht whole d 


cies of 


24d » T% As. 4 
+ Vizes, the Sphere 2: ſo # the Height of an) Segment”: 40 17 curve. . 


Super ficies, 


Io which, if there be added the Area of the Sen 8 s Baſe, 
the Sum will be the Superficies of the whole . EP 


1 


THEOREM XVIII. 


| Ever Sees 2 equal to two 7 hirds of its circumſcribing linder. 


That is, of a Cylinder, whoſe Height and Dianrter of its Baſe 
are each nl to ine Axis of the Sphere. 


Demonſtration. 
According to the Work in the laſt Theorem, it appears, that 


Oab. Oed. Oyf, &c. do conſtitute the 1 


Hlidity of the Sphere, and that QaT, 


OT, T, &c. are a Series of Terms q b.. Nen 
in Arichmetick Progreſſion, QA being 1 - X 
the greateſt Term, and TC the Nam. WE { N. 
ber of Terms. Therefore © AT * 2 LTC AE . 
= the Sum of all the Series, Re 
per Lemma 2. 3 
And becauſe Hf U = Hb. 
De HT Ned. )- ◻ = )jd. Nen 


OAT — TC = DAC, &c. where- 
in Tb, OT4, OT f, &c. are Series of Squares, whoſe tw: 
Tb, 14 7 f, are in Arithmetick Propreſſion; QT C being the 
Newer 0 of Terms, Therefore 
OTC Xx TOS the Sam of all that Series, per Lemma 
Conſequently, @AT X ETC: —QTCx LT C=the Sim of 
the Series Oab. Oed. © 55 &c. which conſtitute the Solidity 
of the half Sphere ATG. Put D= 2TC the Axis of the Sphere. 
Then 4 DTC, and 2D =+TC And becauſe OAT =2DTC; 


therefore OA =2OTC=1,5708DD. And. 1,5708DDx4D 


0,3927DDD. + 


| Again OTC x 3TC = oz78 $4DD x 4D = 209DDD. 


Then 053 2927DDD — 0,1 385055 = O, 2618 DD the Soli- 
dity: of the Semi-ſphere AT G. 
Conſequently, o, 2618 DDD X 2 = © ,5236DDD wilt the 


ſolid Content of the whole Sphere, which 1s e ul to 3 of the 
linder, whoſe Diameter of its Baſe and Height D. 


For e the Sblidity of the Cylinder, per Theor 11. 
*. of D = , 523600, as before. 
Therefore Ge as per Theor, 


Example, 


; "Þ7 8 


- — — 


— on 
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| Example, Suppoſe the Axis D = 16. then DDD = 4098 


and 1: 0, 5236 :: 4096: 2144,6656 the ſolid Content of 
that Sphere, 2 ö 


Corollaries. 


1. Hence it appetrs, that the Ti Content of every Sphere 
is equal to its Superficies multiply'd into one ſixth Part of its 
Axis. 1 ds | 

For its S#perficies is 3,1416DD, per Theor. 17. 

But 3,1416DD x ; D =0,4236DDD the ſolid Content, as before, 


2. And hence it is -alſo evident, that there is the like Ratio 
or Habitude between the Cube and its inſcrib'd Sphere, as is be- 
tween the Square and its in/crib'd Circle, And that is, as the 
Superficies of any Cube : is to the Superficies of its inſcribd 
Sphere: : ſo is the ſolid Content of that Cube: to the ſolid 
Content of the Sphere. (See the Circles Proportion, Page 401.) 

For if D = the Side of the Cube, then 6D D — its Saperficies, 
and D*— its Solidity. And 3,1416DD= the Sphere's Superficier. 

But 6DD : 3,1416DD : : DDD: 0,5236DDD the Solidity of 
the Sphere, as above. _ e 
| | 5 | Scholium. | 
From the Proof of this Theorems, it will be eaſy to deduce or 
raiſe I heorems for finding the ſolid Content of any Fruſtum or 
Segment of a Sphere; as Im in the laſt Figure. 
or we there ſuppoſe the Segment 4T m to be conſtituted 
of an infinite Series of Circles, which have the ſame Ratio with 
all thoſe Circles that conſtitute the Semi-ſphere. 
Therefore it follows, that OT x Tb: —@bT x II 
will be the Sum of all the Circles intercepted between T and h. 
Conſequently it will be the Solidity of that Segment. 
And becauſe 4b + GTb = Q aT. Therefore | 
Oab TOT ATU: — OT b Tb S the ſameSolidity, 
Let c = ab, half the Segments Baſe; h = Tb its Height ; 
and S S the Solidity of the Segment or Fruſtum. 


Then O4 b = 3,1416. and O7 R = 3, 141600. 
3,1416cch N 3,1416 3,1416hhb 


—= 8. 


Conſequently, 


which being reduc'd, will become 3cch + bbb x c, 5236 = 5. 
| Or 1,909855) 3cch +hbh (S. For 0,5 236) 1,0000 (1,909855 Þ 1 
which is one Theorem for finding the Fruſtum's Solidity, = 


F "I TT” OR =xny 


Nate, 


te, 


Apply'd to Superfictes and Solids. 419 
| Note, Here we ſuppoſe the Height of the Segment, and the 


Diameter of its Baſe to be given: But if the Axis of the Sphere, 


and the Height of the Segment be given ; then putting D = 
the Sphere g Axis, h = the Segments Height, and c as before, 
it will be D —hxh—cc. Viz Dh —hbb =ec 
Therefore 3Dbh — 2hhh = 3ech + hhh. 

Conſequ. 3Dbh—2hhh x 0,5236 = S the Fruſtum's Sulidity. 
Or 1, 9098 5) 3Dhh — 2hhh (SS. As before. 


Which is a ſecond Theorem for finding the ſame Frufum 41m. 


And if 1t be requir'd to find the middle Part amN K, uſual- 
ly call'd the »riddle Zone of a Sphere: | 
Then, becauſe it is ſuppos'd that T. | 
am NX, or which is all one, that * 
CS; therefore it is plain, that 
if twice the Segment aT m be taken 
from the Solidity of the whole Sphere, 
there will remain the middle Zone 
am NX. | N 

But becauſe that Work is a little 
troubleſome, I (hall here ſhew how 
to raiſe a Theorem for the doing it. 


Firſt, Becauſe AC =yC=eC=4aC=TC. Therefore 
it will be AC - CF . 040 — Cd S ed. 
AC - OCh = DO 4b, &c. OE 

Here becauſe AC. HAC. MAG &c. are a Series of 
Equals, and Cb the Number of all the Terms ; therefore 
UAC (b the Sum of all that Series, per Lemma 1. 

And Cf. Cd. Cb, &c. being a Series of Squares, 
whoſe Roots are in Arithmerick Progreſſion beginning at the Center 
or Point C, viz. o, Cf, Cd, Cb, &c. wherein the gra 
Term is Cb, and Number of Terms is Ch . Ergo UC CU 
= the Sum of all the Series, per Lemma 3. 

Conſequently, the ©4© x Cb: — ©Cb x ICU S the Sum 


of all the Series © y f . Oed. Oab, &c. which do conſtitute 


the Solidity of the half Zone a mA G. 


And becauſe Ac -= = Db. Ergo QAC—-Qal=©Ch. 


. :* Cb 
Conſeq. ACK : — OAT ©40:X —=20 M+ Oab: C 
3 | 3 | 
Will be the Solidity of the half Zone. 
Put D=4G=2AC.x=am.,and H=bB = tb. 


Then @AC — 0,7854DD * © ab = c,5854xx. And if 


we turn the common Factor 0,7854 into the Diviſer 1,27323 


nh 2 and 


[ 
'F 
'' 
_ 
| 
fl 


ſuch Circles as OA, (whoſe Diameters 


' == the Swidjty of the Spheroid, per Lemma 6. 


— — —— —— 


— "ay —— 00) Vit mg 


420 The Arithmetick of Jiifinites'' Part V. 
and then take triple of that Diviſur, viz. 3,8 19% (As before jn 
the Fruſtums of Pyramids) the Reſult of the precedent Work 


will produce this following Theorem. 


THEOR. XIX. 1 3,8197 * H. n 
THEOREM XX. 
Spheres are in Proportion one to another, as the Cubes of their 
| | | Diameters, (18. e. 12.) 


Demonſtration. 


Suppoſe D = the Diameter or Axis of any Sphere, and d = 
the Diameter of another Sphere, either greater or leſſer. 
Then is 0,5236DDD = the Solidity of one Sphere, and 


0,5236ddd — the Solidity of the other Sphere, per Theorem 18, 


But DDD : dad : : 0,5236DDD : o, 5 230ddd. Q. E. D. 


THEOREM XXI. 

The ſolid Content of every Spheroid is equal to two Thirds of in 
circumſcribing Cylinder, = 

Demonſtration. 6 


6 Suppoſe the Figure WT a SN in the annex d Scheme, to re- 
preſent a Spheroid, form'd by the Rotation of the Semi-EllipſisT No 


about its tranſverſe Axis J S, (as per Definition 15,) 


Let D= TS the Length of the Spheroid, and the Axis of 
its circumſcribing Sphere. And d = Nn the Diameter of the 
reateſt Circle of the Spheroid. | 


Then becauſe TC: NC :: mAb: ab, per Step 3. in Theor.7: 


Therefore it will be DD: dd :: Ab: Qab:: © Ab : Oab, &. 
But the Sum of an infinite Series of . 


are Chords) do conſtitute the Solidity of 
the Sphere, ( as before at Theorem 18. 
And the Sum of an infinite Series of ſuch 
Circles as © 4 b, (viz. whoſe Diameters : 
are Ordinates of the Ellipfs) do conſtitute - 
the Solidity of the Spheroids, per Defini- 
tion 18. 


Ergo DD :dd :: 0,5236DDD: o, 5 236ddD 


Bu: 


But 0,5236d4dD = of the Cylinder, whoſe Diameter is = d, 
and Height = D, per Theorem 11. Q. E. P. 
Now from this Proportion between the Sphere and its inſcrib'd 
BN Spheroid, it will be very eaſy to deduce 7 Heorems for finding the 
ne ſolid Content, either of the Segment or middle Zone of any Sphe— 


vid, having the ſame Height with that of tlie Sphere. 


(Ac the Solidity of the who'e Sphere: is to the Solidity of the 
For 1 Spheroid :: ſo is any Part of the Sphere: to the like 
Part of the Spheroid, per Converſe to Lemma 6. 


As for Inſtance. Suppoſe it were requir'd to find the middle 
Zone of any Spheroid, | 

Let D =TS, and d = Nn, as above; and H= bB. 
AAM, as in Theorem 19. And let c = am. 1 296 


. 
75 
rk 


iy 


1 


5 Then re * H = the middle Zone of the Sphere. And 


Sb „ DDr ,, 2d0xH _ xxddxH 

Re :0,5236ddD:: 38197 —+H: 1197 19755 
the middle Zone of the Spheroid. 1 

Again, DD dd :: r: co Therefore 5h = £C.. 

| xxdd H "BE 3 
i Conlequently, "DD 5 3.8105 —— 3.8197 * 8 Which being 
. taken inſtead of 8 there will ariſe this follow- 

| 3,9197DD 
c Ing Theorem. 0 


2dd + cc 1 the middle Zone 
be N THEO REA XXII. gg H= of he Sphera 


being the very ſame with Theorem 19. 


7, 

* Note, In the ſame manner you may raiſe Theorems {or finding 
de Segment of 4 Spheroid, cut off either of its Ends, &c. 

1 N 

0 THEOREM XXIII. 


The Area of every Parabula is equal to two Thirds of its circum- 
| ſeribing Parallelogram. 


Demonſtration. 


Let the Figure SAB repreſent half a Parabola ; make D B 
parallel to the Axis SA, and Sd parallel to the Semi-ordi- 
nate 4B. And ſuppoſe Sd to be divided into an infinite 


Apply'd to Superficies and Solids. 421 


Series 


IJ 0.48: Se: Dew 


But SA AB AB x Sd. Therefore 
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Series of equidiſtant Points, as f, g, h, &c. and from tho: 


Points imagine a Series of parallel Lines, viz. fm, g n, h p, Kc. 
to touch the Curve of the Parabola, and meet the Semi-ordinate; 
914, ne, y p, &c. | | 


Then according to the Property of the Parabola it will 
| SI8hd 


[2]S4: DAB Ss: Hes? 
3154: DAB: : Sy: yp, &c. 

But | |Sa—fm.Se=gn.S—=bp,SA—=dB_ 
| | Therefore alternately it will be 

3, |41DAB:dB:: Up: hp 
2, 5 DAB: dB:: Den: gn eee e 
5 6104B : dB :: Dam : fm, 8c. 0M B 


In theſe Proportions U am, U en, DO yp, 8c. are a Seriesof 
Squares, Whole Roots, Sf, Sg, Sh, &c. are in Arithmeick 
Progreſſion, beginning at the Point S. And becauſe the Line 
hp, 2 7, f Kc. have the ſame Ratio ; therefore they ar 
as ſuch a Sc ies of Squares, wherein dB is the greateſt Term, 


and Sd the Number of Terms, 


| | dB x Sd | 
Conſequently - 5 = the Sum of all thoſe Lines, per Lem. 3. 


SAX AB the Sm 


| : TE 3 
of all that Series of Lines; but all thoſe Lines do conſtitute the 
Area of tlie, Semi-Parabolas Complement, viz. the Area of whit 


half the Paralola SAB wants of compleating or filling up the 
Parallelogram SdA B. | 


Wherefore SA x AB: —* 84 X AB — 
the Area of half the Parabola SAB. 


Conſequently, SAN bB, will be the Area of the whole 
Parabola b SB. Qi. E. D. | 


28A x AB will be 


Example, Suppoſe the Baſe or greateſt Ordinate of a Parabil 
to bs ir "ow its Nen pa or Axis N 

en 201 X B — 66 X 24 1584. and 3) 1584 (528 the 
Area of that Parabola. „ 3) 1994 


THEOREM XXIV. 


Every parabolict Conoid is equal to one hal f of its circurſcribing 
_ Cylinder. | 
Demonſtration! 


37 
the 


ing 


on, 


dz 4 to Superfictes and Solids, 423 


_—_— 


| Demonſtration, | bp 7 
If any Semi- Parabola Cas BSA) be turn'd or mov'd about its 
Aris, (SA) it will form a ſolid Parabolick Conoid conſtituted of an 
infinite Series of Circles, viz. Oba, Ofe, ©gy, &c. per Defin. 17. 
Now, according to the Property of every Parabola, it will 


Here Sa & L, Se x L, Sy x L, &c. 
ae a Series of Terms in Arithmetick Progreſ- 
fm. Therefore Nba, A fe, g), &c. are 
allo a Series of Terms in the fame Progreſ- |... 
fon, beginning at the Point S, wherein BE 

Az 1s the greateſt Term, and SA the 


Nymber of all the Terms. Therefore OAB x 154 = the Sum | 


of all the Series, per Lemma 2. 
Conſequently, © AB x 35.4 = the Sum of all the Series of 
Oba, © fe, ©g), &c. which do conſtitute the Solidity of 
the Conoid. | e 
And putting D = 2AB, and H= $4 
Then, o, 78 54D D x 5H = 0,3927DDH will be the ſolid 
Content of the Conoid ; which is juſt half the Glinder whoſe 
Biſe = D, and Height = H. See Theorem 11. QED, 


Ibis being underſtood, it will be eaſy to raiſe a Theorem for 
finding the lower Fruſtum of any Parabolick Conoid. 

For ſuppoſing þ = AA the Height of the Fruſtum, and 
= Sa the Height of the Part h Sh cut off. Then h + p = SA 
the Height of the whole Conoid. _ 
Conſequently ä * 1 = the Soldity of the 


whole Conoid. | d 
And D the Sidi of the Part cut of: 1 
(EEE. þ__4 


Bac. 


Butſz% + : HAB: p: Oba oe 
Conſeq. 3% + P.: OA; :: p: Ol. 3 77 
„AAB Xp= Oba x U Ol p 


n 
* 
* 
. 
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| 4 - Oba xp 5 OAB p: — Obaxp=Obaxh "IH 


- fame Diviſor with thoſe at the Fruſtums of Pyramids, &c. will bej 
appear farther on, viz, when they all come to be apply d to Praftic 
in Gauging. 


1 X 2 6 O AB X h: + OABxp:—QObaxp=yp | 
e 
„Oba S OAB T: ＋ Ob xXx hb =2F 


hed 7 © : x F the Fruftun;s Slidij. 


8 = 219 n 


2 


Let D = 2AB, as before; and d = 2ba the Diameter of 
the Part cut off. Then we ſhall have this following 


. F$ 0,3927DD Ho, zoꝛ7dd: x h S the 
THEOREM XXV. ©Sulidity of the Fraſfum requir d. 
DD dd 
1 2 


e IN FE 7 ANNA 95 
2950 x H — the Fruſtum. For 3927) 1,0000(=2,5464 


And becauſe 2.5464 + **{= = 3,8196. Therefore it may 
be made, 3,8196) DD-+dd : x 5h (= the lame Fruſtum, & c. 


Note, The Reaſon why I have reduc'd this Theorem to have th 


THEOREM XXVI. 


Every Parabolick Spindle (or Pyramidoid) & equal to cigh 
Fiftecnths of its circumſcribing Cylinder. 


Demonſtration, 


If any acute Parabola, as b S B, be turn'd or mov'd about 
its greateſt Ordinate bAB, it will form a Solid call'd a Paraby 
Tick Spindle, conſtituted of an infinite Series of © ma, © nt, 
© py, &c. per Definition 18. 35 

Let us ſuppoſe the Line Sd parallel to AB, &c. as at 
Theor. 23. Then it hath already been prov'd, that the Lines fn 
gn. hp, &c. are a Series of Squares whoſe Roots are in Avit 
wetick Pro reſſin. Conſequently, their Squares, Viz U f N. 


Dan, Up, Sc. will be a Series 


of Biquadrats, whoſe Roots will be S -#..8h:4 
tn Arithmetick Progreſſion * which m. 
being premis d, we may proceed 7 f * 
thus. py Pi | 
| [1 SA - m = ma : i Fe 8 
rand [2 Aenne b 4 8 


+ 


bout 
ir all- 
nt 


Apply id to Superficies and Solids, 425 


4 | DSA—2SAx fm f= DNA 
20.2 5 | . One. 
; & 216 N/A =, Kc. 

I. In theſe equations, the SA, SA, SA being a Series 
of Equals, and A B the Number of all the rms; cherte re 
it will be 0. SA x AB = the Sum of all the Series, per Lemma J. 


10 2 


2, Becauſe f m, gn, hp, &c. are as a Series of Squares, 
wherein $A is the great f I erm, and A B the Number of all 


2 2 SAN SAX AB - N 
the Terms, Theref re 5 ; = f will 
be the Sum of all that Seriss, Per Lemma 33% 5 

z. And the Um. gn. 0 hp, &c. will be a Sriesof Terms 
jn the Ratio of Biquadrates, as above, dB — © $4 being the 
greateſt Term, and AB the Numer of all the Terms; 


EO Gor ISAXAB ; 
therefore 1t will be 8 — = the Sum of all the Series, 


per Lemma 5. 5 
88 ** 0.4 
Whence1t follows, that AN AB — | =D . 
5 i | 3 1 
= the Sum of all the Series of N ma, Ine, Up), &c. 
5 „ 8 SA AR : DE More 
That 1s, — — — the Sum cf all the Series 
of 1994 . Une. bp. UAB. &c. 
845 | 
Conſequently, . e 


— the Sum of all the Series of 


Ona. One. Opy, &c. which do conſſitute the Solidity of 
halt the Spindle, viz. of SAB. | 


Therefore, puting D — 2SA, and H — 2AB (viz. AB) 


it will be 0,41888DDH = the Solidity Of the whole Farabolick 


Spindle b $ B, being * of 0,7854DDH che Solidity of its 
circumſcribing Cylinder. Q E. D. | 

From henc2 we may allo raiſe a Theorem for finding the 
Fruſtum SA p y of the laſt Figare. 

For © $A bei ng the greateſt Term, © py the lecft Term, 
and Ay the Number of all the Terms or Circles included be- 
tween A and y. 


2SA x |; ; | 
Ang : 8 ET. Ay — the Sm 
of all the Series U SA. * 4, [Lg à, Lp. 
\ 7 
* 3/2/30 S- S, 1225 ed 6 26 


Therefore | 1 


| TCW 2 = 


BORG ACT 
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— 


2 + Ay 3[3054—254 xhp+ e = 3. 


5 
But | 4 OE Ox een Per 6th St, 
CJ P- 3% . 
BR HSA „ h 
3417 5 ay f 0 
5 = Kc. 6 2A + Opy —; Obp = 5 


Conſequ. 720 SA + ©Opy - Ch: xtAy Dx. the 
Sum of all the Series of OSA. Oma. One. Opy, which 
do conſtitute the Solidity of the Fruſtum SApy . Therefore 
putting D= 2SA, as before, C = 2py, x = 2hp, and HA 
it will be 1,5708DD-þ0,7854CC —0,31416xx: x + H=the 
Fruſtum SApy. And if we make L— 2H. 
Then 1,5708DD + , 785400 — 0,31416xx : Xx 3 L = the 
Double of that Fruſtum, being the middle Zone. And by turn- 
ing theſe Factors into one common Diviſor, as in the Fruſum of 
the Conoid at Theorem 25. Page 4.24. there will zariſe this fol- 
lowing Theorem. 


3,8196) 2DDCC— 0,4xx : X L (= 
THEOR. XXVII. I che middle Zone of a Parabolic Spindle, 


It may be here expected that I ſhould now proceed to ſhew 

how the Area of any Hyperbola, and the Contents of {uch Solids | 
as may be form'd by the Rotation of that Figure about its Ar. 
16, &c. may be found. But becauſe thoſe Things cannot be 
exactly perform d, by any certain or ſettled Theorems, as thele 
of the Circle, Ellipſs, and Parabola have been, I've therefore 
omitted them, and refer the Reader to Dr. Walls's Algebra, 
Chap. 99. &c. Or to the Philoſoph. Tranſ. Number 34. wherein 
he may find the Method of forming infinite Series relating to 
the ſquaring of an Hyperbola, &c. which are too tedious to 
be fully explain'd and demonſtrated in this ſmall Tratt, it be- 
ing only intended as an Introduction, the which I (ball here 
conclude. | ö 


N 


ore | call'd Stereometry, or the meaſuring of Solids, becauſe 
* the Capacities or Contents of all forts of Veſſels us d for 
the WJ Liquors, &c. are computed as tho they were really ſolid Bo- 
© es, which any one th:t hath made himſelf Maſter of the 
he foregoing Parts of this Treatiſe, may eaſily underſtand, with- 
In. out any farther Directions. | 
of However, becauſe it is not to be ſuppos'd, that every one 
b who deſigns to undertake the Office or Employment of a Gau- 
ger hath made fo great a Progreſs in Mathematical Learning, I 
= have therefore preſented the young Gauger with this Appendix, 
le. wherein I've only inſerted fuch Ralcs as are uſeful in Gang ing, 
and have been already demonſtrated in this Treatiſe. But bere- 
W HJ in, I pre-ſuppoſe that he hath acquir'd, Cor if not, it is very 
id: WI requiſite he coul acquire) a competent Knomledge both in A- 
lr. rithmerick and Geometry. That is, | 
be I. In Arithmet icł he ſhould underſtand the principal Rules ve- 
cle y well; eſpecially Multiplication and Diviſon, both in whole 
Tre WF Numbers and decimal Parts; (which may be eafi.y learn d out of 
4, the 2d, 3d, and 5th Chapters of Part 1.) that ſo he may be ready 
an FF in computing the Contents of any Veſſel, and caſting up his 
to I Gavges by the Pen only, viz. without the help of thoſe Lines 
to of Numbers upon ſliding Rules, ſo much applauded, and but too 
e- © mucù practis d, which at belt do but help to gueſs at the Truth. 
ere U mean ſuch Pocket Rules as are but nine Inches, or a Feot 
long, whoſe Radius of the double Line of Numbers is not fix 
luches; and therefore the Graduations or Diviſions of thoſe 
Lines are ſo very cloſe, that they cannot be well diſtinguiſh'd. 
Tis true, when the Rules are made two or three Foot long, (I 
lad one of ſix Fot) then they may be of ſome Ule, eſpecially 
in {mall Numbers; altho' even then, the Operations may be 
much better (and almoſt as ſoon) done by the Pen; ſor in- 
deed the chief Uſe of ſlid ing Rules, is only in taking of Di- 
mentions, and for that Purpoſe they are very convenient. 
1112 II. In 
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will admit of, that fo their #ea's may be t uſy compu cd wit 


for it cre 1's not any Tun or Cast, &c. fo regularly made, as 


all forts of efſels (taten Notice of in Gauging) are computed 


be a certain Number of Cubick Inches. That is, the Beer or Ale 


and therctore I Hall, for Brevity's fake, often refer to thok 


| 1b. Ot P?2aftcal Gauging. 
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IL In Ge:etry the Ganger (hould underſtand not only how to 
take Dimenſions, (which is beſt learn'd by Practice) but alſo hoy 
to divide any irregu ar Figure or Superficies, as Brewers Back, 
or Coolers, & c. into the eaſſeſt and feweſt regular Figures they 


the leaſt Trouble. And this may be learn'd (with 4 little (un 
and Diligence) out ot the iſt, 2d, and 5th Chapters of Hart; 
which the Gauger ſhauld be well acquainted with. 

Alto he ought to have ſo much $4/{ 1n Solids, as to le able 
even at Sight (but this maſt be acquir'd by Experience) to diter- 
mine whit tort of Figure any Veſſel is of, (viz. any Tun, ir 
cee Cask ) or what Figure it may be beſt reduced to, fo that 
its Lim n/as may be truly taken, ani the Content thereof 
combuteg With the leaſt Error. I (iy with the leaft Error, 
becauic t is very difficult, if not impoſlible, to do it exacthy; 


by the Ries of Ait is requir'd to be. | 

III. Beſides the aforemention'd, the young Gauger mult know, 
that all Dimenſi ns uſeful in Gaug ing, are to be taken in Inches 
and decimal Parts of an Inch; and if they are taken in any 
other Meaſures, as Feet, or Tards, &c. thoſe Meaſures mult be 
reduc d to Inches, (ſee Sect. 4. Page 42.) becauſe the Contents of 


by the Standard Gallon of its kind, whoſe Content is known to 


Ga'on contains 282. the Wine Gallon 231. and the Corn Gall 
268, 8 Cubick Inches, (See the five Tables. &c. in Page za, 35, 
36. which | here ſuppoſe the Gauger to have learn'd perfecthy by 
Heart) Conicquenily, if either the ſuperficial or ſolid C uten 
of any Veſſel, as Back, Tun, Cast, &c. be once computed in 
Cubick inches, it will be ealy to know how many Gallons, el. 
ther of Ale, II ine, or Corn, that Veſſel will bold. 
Note, I have here ſaid the ſup: rficial Coritent in Cubick Inches 
which may ſeem to be very unproper, according to the Defini 
tion given of a Sperficies in Page 279, But you mult know, 
that in the Buſinefs of Gauging all Saperficies or Area's are al 
ways underſtood to be one Inch deep; otherwiſe it could not 
be ſaid (as in the Gauger Language it is) that the Area of 
ſuch a Back, or of ſuch a Circle, &c. is ſo many Gallons. _ 
Theie Thingsbeing very well underſtood, the yong Gauger will 
be fitly prepar'd to underſtand the following Problems, which 
are uch as have (reſt of them) been already propos d, in th 
foregoing Parts of tins Treatiſe, and only are here apply d to Pratiice; 


Theorems and Problems, | Section 
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Pune 


Gallons. 


gion 1. To find the Area of any rig/t-lin'd Superficies in 


PROBLEM I. 
To find the Area of any ſquare Tun, Back, or Cooler, &c. either 
| in Ale, Wine, or Corn Gallons. 


Multiply the given Length or Breadth (being here equal) 
into it ſelf, and the Product will be the Area in Inches ; 
then divide that Area by 282. or 231. or 208, 8. and 
the Quotient will be the Area requir'd, 


Rive, 


Example, Suppoſe the Side of a ſquare Tun, Back, or Cooler, 

te 124,5 Inches, What will its Area be In Gallons ? 

Firſt 124,5 X 124,5 = 15500, 25 the Area in Inches, 

Then 282) 15500,25 (54 96, Cc. the Area in Ale Gallons. 

And 231) 15500, 25 (76,10, Cc. the Area in Wine Gallons. 

Or 268,8) 15500, 25 (57,66, Cc. the Area in Corn Gallons. 
But if any one would rather work by Mu tiplication than by 


Diviſion, he may turn or change any Diviſor into a Multiplica- 
tor, if he divide Unity or 1. by that Diviſor, (vide Problem 3. 


Page 402.) | | 
Thus 282) 1,0000c0 ( , oo; 546 the Multiplicator for Ale Gallons, 
And 231) 1,ccocoo (0,c04329 the Multiplicator for W. Gallons. 
Or 205,8) 1,0c0005 (09,0037 22 the Multiplicator for C. Gallons, 


_ Conſequently 15500, 25 & 0, 003 546 = 54.96, Cc. the Area 
in Ale Gallons as before; and fo on tor the reſt. 


PROBLEM II. 
To find the Area of any Tun, Back, or Cooler, in the Form of a 
right-angled Parallelogram, in Ale Gallons, &c. 


See the Rule for finding its Area in Inches, at Prob. 1. Page 
333. Then either divide (or multiply) that Area, as above, 
and you will have the Aea in Ga lons. 

Example, Suppoſe the Length of a Brewer's Tun, Back, or 
Cooler be 217,5 Inches, and its Breadth $5,6 Inches, what will 
Its Area be in Ale or Bcer-Gallons, &c. | 


Firlt 217,5 x 86,6 = 18648. Then 282) 18648 (66,12, Cc. 
Or 18648 X 0003546 = 66,12, Cc. the Area requir d, Cc. 


PROBLEM 
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To find the Area of any triangular Tun, Back, or Cooler, in Ale 


r TER nc. ts. ire L.. F HEE CADE a, nt ney 


Line be falten'd with a Nail (or otherwiſe) in any Corner oi 
Angle of the Back, as at A, then c 


— >> 
FF bi. HMAGEw.. Ax, "EIS 


— 


PROBLEM III. 


Gallons, &c. 


See the Rule for finding its rea in Inches, at Prob, 3. Page 324, 
then divide (or multipiy) that Area as before, and you will 
have the Area requir'd. 


Example, If the Length of the Baſe of a triangular Cooler be 
86, 4 Inches, and its perpendicular Breadth be 57 Inches, what 
will its Area be 1n Ale Gallons ? | 


Firſt 86,4 x = 2462,4, Then 282) 2462,4 ( 8,73, &. 
Or 24624 X 0,003546 = 8,73, Cc. the Area in Ale Gallons. 


Proceeding thus, you may eaſily find the Area of any Tin, 
Back, or Cooler, whether it be in the Form of a Rhombus, Rlum 
boides, Trapexium, or of any other Polygon, either regular ot 
irregular, in Ale or Beer Gallons, &c. if you firſt divide it into 
Triangles, and then find the Area's of thoſe Triangles, (a: in 
the 2d, 4th, 5th, and 6th Probiems in Chapter 5. Part 3.) the Sun 
of thoſe Area's being divided (or multiply'd) by its proper 
* 1 Cor Multiplicator) as above, will give the Area re. 

uir d. ICH N 
1 Now the Practical Way of dividing any Polygonous Tun, 
Back, &c. into Triangles, is by help of a chalk'd Line, ſuch as 
the Carpenters uſe, and may be thus perform'd. 

Suppole any Brewer's Tun, Back, or Cooler, in the Form of the 
annex d Figure ABC DFG. Let one End of the chal} 


ſtraining it to the Aagle at C, frike 
the diagonal Line A C, upon the But- 
tom of the Back, and ſtraining it again 
to the Angle D, ſtrike another Diago- 
nal Line, as AD, and ſo on for the 
diagonal Line GD, &c. Then having 
mark'd out all the Diagonals, the Perpendiculars may be thus 
found, faſten (as before) one End of the chalt'd Line in the 
Angle B, and then by moving it to and fro upon the /tretch, 
tind out the neareſt Diſtance between the Angle at B, and th 
diagonal Line AC, there /rike a Line, and it will mark out 
the Perpendicular from B to the Line A C, and fo on for tht 
other Perpendiculars, which being all mark d out upon the Bott 
of the Back, meaſure them, and each Diagonal by a Lane 0 
\ | | Ic Ci, 
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laches, & c And then the Area of that Back may be computed, 
As directed above. 5 | 
Aud here, by the way, it may be obſerv d, That the Number of 
Triangles will always be leſs by two ; and the Number of the Dia- 
334. WY goals leſs by three, than the Number of the Sides of any right- 
will N d Figure that is ſo divided, „ 
Having found (as above) the true Area of any Brewer's Back 
be Nor Cooler, ¶ which according to the Laws of Exciſe, ought always to 
chat MY le fdr immoveable) the next thing will be to find out the 
true Dipping or Gauging Place in that Back, that ſo the true 
; Quantity of Worts may be computed or caſt up at any Depth; 
ich may be thus done. 


1. When the Bottom of the Back is cover'd all over, (of any 
Tun, Depth) either with Worrts or Liquor, (viz. Mater) then dip it 
o in eight or ten ſeveral Places (more or leſs according to the Large- 
" OL WM wes of the Back) as remote and equally diſtant one from ano- 
into ther as you well can, noting down the wer Inches and decimal 
Parts of every Dip. 85 8 | 
2. Divide the Sum of all thoſe Dips or wet Inches by the 


Number of Places you dip'd in, and the Quotient will be the 
man Wet of all thole Dips. | 


Tun, 3- Laſtly, find out ſuch a Place by the Side of the Buck Cif 
h as W's can) that juſt ers the ſame with that mean Dip, and make 


a Notch or Mark there for the true and conſtant dipping Place 


* the Mot that Back. Then if any Quantity of Worts (which do cover 
dN hole Back.) be dipp'd or gaug d at that Place, and the wet 


r of laches ſo taken be multiply d into the Area of the Back in Gal- 


„ las, the Product will ſnew what Quantity (viz. how many Gal- 

Nang of Worts are in that Back at that Time, provided the Sides 

ö of the Back do ſtand at right Angles with its Bottom. 7 
5 8 


cl. 2. To find the Area of any Circular and Elliptical Superficies 


in Gallons. 
1, I have demonſtrated in Chapter 6. Part 3. And Theorem 3, 


thus , 6. Part 5. that*the Periphery of the Circle whole Diameter 
the Unity or 1. is 3,14159205, Fc.(cr for common Uſe 3,1416) 
7 ind that its Area is O, 785398 16, Cc. (Or o, 7854 fere. 


2. Alſo, that the Peripheries of all Circles are in Proportion one 
d another, as their Diameters are; and their Area's are in Pro- 
01102 to the Squares of their Diameters. That is, 


A"! 
x the 
ottow 


ne of I : 3,1416 : : the Diameter of any Circ'e: Lo its Periphery. 


ind 1 ; 0,754 ; ; the Square of the Diameter: Fo the Area. 
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| Upon theſe two Proportions depends the Solution of all the 


Common or Pratlical Queſtions about a Circle, See Page 402. 
and 403. | EY 0 | 
"= puooith iv 


The Diameter of any Circle being given in Inches, t ſind the} 


. Pertphery. 


1 5 Multiply the given Diameter with 3, 14 16. and the Pridyf 


wil be the Periplery requir d. Sce Prob. 1. Page 402. 


Example, Suppoſe the Diameter of a Circle be 54,5 Inches, and 
it were requir d to find its Periphery. 55 


Then 54,5 * 3,1416 = 171,21, Cc. Inches, is the Peripher 


requir d. 
The Conv:rſe of this is eaſy, viz. by having the Periphery 
given, to find the Diameter. See Prob, 3. Page 402. 


PROBLEM V. 
The Diameter of any Circle being given, (in Inches) to find it 


Arca in Gallons. 


and the Product will be the Area in Inches (vide Prob. 2. 
Page 402.) That Area being divided by 282 or 231, Kc. 
the Quotient will be the Area requir d. 

Example, Suppoſe the given Diameter be 54, 5 Inches, as abort. 
Firſt 54,5X54.5 = 2970, 25. And 29709,25 & O, 78 54 = 2332,83 
the Area in Inches. 

Then 282) 2332,83 (8, 2724 the Area in Ale or Beer Gallon, 


And 231) 2332,83 (10,0988 the Area in Wine Gallons. 


F Multiply the Square of the propos d Diameter into o, 854 
na 


Or 268,8) 2332,83 (8,6788 the Area in Corn Ga lons. 


But theſe Area t in Gallons may be much eaſier found, with 
out knowing the Circle's Area in Inches as above, by Having 
the Square of the Diameter of that Circle whoſe Area 1s on: 
Gallon ; which may be thus found, per Theorem 6. Page 401. 
0,785398 : 1 :: 282: 359,05 the Square of the Diameter df 
the Circle whoſe Area is 282 cubick Inches, viz. one Ale Gallon, 

And from this Proportion will ariſe theſe following Diviſs 


Viz, O, 785398) 282,900000 (359,05 will bea Diviſor for AC, 


And 0,785393) 231,9900co (294,12 will be a Diviſor for H. C 


Or 0,785 398) 268, S000 (342, 24 will bea Diviſor for C. 
˖ 
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It the Square of the Diameter of any, Circle be divided by any 
one of theſe conſtant or fix d Diviſors, the Quotient will ſhew 


„ 


that Circle's Area in their reſpective Gallons, As for Inſtance in | 


the laſt Circle, whoſe Square of its Diameter is 2970,25- 
Then 359,05) 2970, 25 ( 8,2725 the Area in AG. 
And 294,12) 2970, 25 (10,0988 the Anni: before. 
Or 342,24) 2970,25 (8, 6788 the Area in C. G.. 

Now theſe Diviſors may be turn d into Multiplicators, by 
dividing Unity or 1. as in Page 429. - Or rather by dividing 


the Area in Inches of that Circle whoſe Diameter is 1 
That is, 0,785398 by 282. Or by 231. &c, | 


Thus 282) 0,785398 (o, 02785 the Maltiplicator for Ale Gal. 


And 231) 9,78 5398 (0,003399 the Multiplicator for Wine Gal. 
Or 268,8) 0,785398 (0,002922 the Multiplicator for Corn Gal. 
Theſe Multiplicators are the reſpective Area's of a Grcle whoſe 


Diameter is 1. And therefore, if the Square of the Diameter of 


any Circle be multiply d with any of theſe Numbers, the Product 
will be that Circle's Area in Gallons of the ſame Name. 


Viz. 2970, 25 & 0, 0278 5 8, 2725 the Area in A. G. as above. 
And 2970, 25 X 0, 03399 o, 988 the Area in V. Gal. &c. 
Thus you ſee, that if the Diameter of any Circle be given in 
Inches, there are three ſeveral Ways of finding its Area in Gal- 
ns, and all equally true; but that which is perform'd by the 
conſtant Diviſors is molt generally prattis'd. 5 


PROBLEM VI. 
The Tranſverſe (or longeſt Diameter) and the Conjugate (or 


ſhorteſt Diameter) of any elliptical Superficies being given, 
to find its Area in Gallons. 


Multiply the two Diameters (viz, the Length and 


Breadth) together, and divide their Product by 359,05 


Bule. for Ale Gallons, or 294,12 for Wine Gallons, &c. the 
) Quotient will be the Area requir d. See Theorem 7. 
Page 406. 

Example, Suppoſe the longeſt Diameter to be 73, 5 Inches, and 
the ſhorteſt Diameter to be 51,6 Inches, what will the Area be 


in Ale Gallonn? 
Firſt 73,5 K 51.6 3792,65. Then 359,05) 3792,6 (10,56 


the Area in Ale Gallons. Or 294,12) 37926 (12,89 the Area 


in Wine Gallons, &c. 
5 K k k 


Note, 
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Worts amongſt Comntry Vicluallers, who generally brew but (ton 
| Lengths of Ale (viz. perhaps between 20 and 60 Gallons a+ 4 


that are at any Time in one of thoſe open Twbs, is briefly thus: | 


ſide of the Tub, (which was the Way I generally usd to order, be- 


The Diameter of any Circle, and the verſed Sine (viz, the Hcigli) 


ix Gallons. 


Examples) of finding the Area of any Segment of a Circle in 


2 


Note, The two laſt Problems are of great Uſe in gauging of 


Brewing) and col their Wires in ſeveral ſmall open Veſſels or 
Tubs, whoſe Baſes or Bottoms are either a Circle, or an Ellipſi 
having their Sides but low, and are moſt commonly wider at 
the Top than at the Bottom. 5 

Now a practical Way of computing the Quantity of Hun- 


When the 7b 18 ary, find the tiue Area of its Bottom, according 
to its Figure, (as above) and either mark that Area on tlie out- 


cauſe the Vifluallers did often lend their cooling Twbs one to ano- 
ther) or elſe number the Tab, and enter its Area ( and its Nun: | 
ber) into the Stock-Book ; then, when any of thoſe Tubs hath 
Wortsin it, take the Diameter of the Surface or Top of the Hur, 
and find that Area, adding it and the Bottom Area together. It 
either the half Sum of thoſe two Area's be multiph d with the 
Depth of the Hort, (taken as near the middle of the Tub as yiu 
well can or, if the Sum of thoſe two Area's be miultiply'd with 
half the Depth, ¶ ſo talen) the Product will ſhew the Onantit 
of thoſe Worts very near the Truth. 5 


PROBLEM VII. 


of any Segment being given, 10 find the Area of that Segment 


In the 404 and 406 pages, you have two Ways (and their 


Inches; then if that Area in Inches be divided by 282. or 231, Ce. 
the Quctient will be its Area in Gallons, But becauſe the Ares 
of any ſuch S ment may be readily found in Gallons (with 
finding its Area in Inches) by help o a Table of Segments, whole 
Conſtruttion is laid down in the Problem, Page 405, &c. I have here 
inſerted a Compendium of ſuch a Table, which will ſerve vet} 
well for common Practice, not only to find the Area of any Sg- 
ment of a Circle in Gallons; but alto to find the Number of Gal- 
lons that are either drann out, or remaining in any Cylindrick 
Ve e Iying along; or of any cloſe Cast, (being firſt redat i 
4 linder) its Ax» lying parallel to the Horizon, uſually call'd 
the Ullage of a Cat, as ſhall be (hew'd farther on, 


at 


— 4 20 — 
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L 


100 equal Parts. 


13 C, 764 | 35 | 0,3480 
[14 [92,0851 390, 3611 64 , 0,0759 
15 o 40,3735 (50,6881 900, 9480 
100, 1032 410, 3860 66 [ νõ,õ | 911 0,9554 
17,127 420,986 67 0,7122| 92,9625 
18 0,1224 43,4112 | 68] 0,7241 93] 0,9092' 
19 10,1323] 44,4238 |69],7360] | 9419,9755 
20 10,1424} | 4514365] |7917477| |_95| 239813 
210, 1526 {461 0,4491| 7,7593 | 96] 9,9866 
22 [c, 1631 470, 4618 |72|9,77c8| | 971 0,9913 
25 0,1728 | 480, 4745 73 0,7822 | 98 0,9952 
481845 4,873 |7419,7934| 999.9983 
25 0, 1955 50 0. co 75 5804 5 {1co] 1,00009! 


The Uſe of this Table of Segments depends upon tlie follow- 
mg Proportion. 
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As the Diamcter of any propos d Circle: is to 109 (the 
Viz. Diameter of the Tabular Circle) : : fo the Height of any 
Segment of the propos d Circle: to 4 verſed Sine in theT able. 


Then if the tabular Segment, which ſtands againſt that verſed 


Sine, be multiply d into the Circle's Area, (either in Inches, or 
Gallens) the Product will be the Area of the S gment requird, 
(of the ſame Name) viz, If the Circ es Area be inches, the Seg- 
ment will be Inches: If Gallons, the Segment will be Gallons. 

K k 2 Exam Nl, 


14 Table of the Segments of a Circle, mhoſe Area is Unity o# Ik 
le Diameter being divided by parallel Chord Lines into|. 


1 S1Segment | S. Peg ment VS gent | . Segment 
1 0,0017 260, 2066 51,5127 76 0,8156 | 
2 | 0,00438] 270, 21788 52, 5255 | 77 0, 8262 
3 0,0087 280, 2292 530, 5282 78 0,8369 
4,6134] 29 0,2407 54 0,5509 [79,8474 
Je 122192522} 15323 122 0,8576 
6 | 0,024.5 310, 2640 | 56 10,5762} 810, 8077 
7 | 0,0398] 32, 2759 57 0,5888 82, 8776 
8 0,0375 | 33 | 0,2678 38 0,014 83 0,8873 
9 o, 446 34, 2998 59 C, 6140 840, 8968 
10,0520 35 531190 | 60 0,6265 85 59859 
11] 0,0598| 360, 3241] 61 0,6389] 86,9149 
12 | 0,0680 37 0,3304 620, 6514] 8710, 9236 
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Example, Let the Diameter of the given Circle be DA= 62,5 
Inches, and the Height of the Segment | 
ſought be FA — 20 Inches, what 
will its Arca be in Ale Gallons ? 

. Firſt, the Area of the whole Circle = 
will be 10,8793 Ale Gallons, Per D.. 
Problem 5. And the Proportion will 
ſtand thus, 62,5 : 100 :: 20: 32 
the verſed Sine of the Table, whoſe 
Segment is O, 2789. 

Then 10, 8793 K, 759 = 3,9916 Ale Gallons, being the 
Area of the Segment BAGF, as was requird, The like may 
be done for Wine Gallons, Corn Gallons, or Inches. | 

And upon Occaſion, the like Segments of any Ellipſis may 
be eaſily found. Ste the Proportions in the Corollaries to the 7th 
and 8th 7 hcorems, Page 406, Cc. to Which I here for Brevitys 
ſake refer tlic Reader. | 
Sect. 3. To compmie the Contents of ſuch Veſſels Cviz, Tuus, Cc.) 
as are in the Form of the following Solids. | 


Note, Before the young Gauger proceed to theſe Computa- 
tions, he ſhould be well acquainted with ſuch Solids as are | 
defin'd in Page 295 and 397. And then he will eaſily under- 
ſtand what ſort of Figures are meant in the following Problems, 
without the Repetition of many Words. 


PROBLEM. VIII. | 
To find the Content of any Priſm, whoſe Sides are Parallelograms; | 
| what Firm ſo der itt Baſe is of. 

That is, to compute the Content (in Gallons)of any T an, Sc. 
w hoſe Sides are Parallelograws which Rand upright, . or at right 
Angles with its Bottors. 

Fir, find its ſolid Content in Inches by Theorem 9. Page 408. 
Then divide that Content by 282, or 231. or by 268,8 the 
Quotient will ſnew the Content in their reſpective Gallons, vic. 
in Ale, Mine, or Corn Gallons. 

Or elſe multiply the Content in Inches with 0,503546, Ol 
0, 04329, Cc. (See the Multiplicators, Page 429.) thoſe Pro- 
ducts will be the Content in their reſpective Gallons. 


| Or otherwiſe thus, 3 

Find tlie true Area of the Tun's Baſe or Bottom, as directed in 
S'Hlion 1. Page 429. That Area being multiply'd with the 
Tun's Hiight, (viz. Depth within) will produce the Content in 


Oallons, as before. 
J take 


2 


— 
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1 take the Work of this Problem to be ſo very eaſy, it needs 


Examples 
3 PROBLEM IC 


To find the Content of any Pyramid (in Gallons) whoſe Baſe is 
bounded with right Lines. ; 
Every Pyramid is one Third Part of its circumſcribing Priſm, 
per Theorem 10. Page 409. Therefore 
If the Area of the Baſe of any Pyramid in Gallons, be multi- 
ly'd into one Third of its perpendicular Height ; or if one 
Third of that Area be mmltiply'd with the whole Height, either 


of thoſe Products will be the Content of the Pyramid in 


Gallons, &c. | 
But the Content of any ſquare Pyramid may be caſily found 
in Gallons by this Rule, 
Square the Side of its Baſe, and multiply that Square 
with the perpendicular Height; then divide that Product 
Bule, «by 846 = 282 X 3 for Ale Gallons, or by 69% = 231 X 3 


for M. Gallons, or by 806, 4 = 268,8 X 3 for Corn Ga 
lons, the Quotient will be the Content requir'd. 


Or if you -w/tiply the faid Prodact with 0,001182 for 4. G. 


or with o, 001443 for W. G. or laſtly with 5,001 241 for C. G. : 


the Reſult will be the Content requir'd, as before. 
PROBLEM X. 


To find the Content (in Gallons) of the Fuſtum of any ſquare 
Pyramid, cut off by a plain Parallel to its Baſe. 


Firſt, Either by Theorem 15. Page 413. or Theorem 16. Page 


114. find the propos d Fruſtum's Sotidity in Cabick Inches. Then 


divide that Content in Cabick Inches by 282. or 231, Cc. and 


the Quotient will be the Content of the Fruſtum in their reſpe- 


ave Gallons, : 

But from the aforeſaid Theorem 15. there may be eafily dc- 
duc'd the following general Rule, for finding the Content of 
the like Fruſtum of any Pyramid, what Form ſoever its Baſes 
15 ( ſuppoſing them to be para. lel) whether they are alike or 
"like, 


Firſt find the Area of each Baſe (viz.the Top and Bottom 


Area's of the propos d Fruſtum) then find 4 geometri- 


Kuic, e Mean between thiſe to Area's, (per Lemma 1. 
Page 77.) the Sum of thoſe two Area's, and their Mean, 
being multiply d into one Third of the Frutum s Tieight, 
will produce the Content requir d. 


rau“, 
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ſquare Root of their Product will be the mean Area, &c. as in 


. 
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Example, Suppoſe a Tn in the Form of the lower Frafyy 
of a Pyramid, whole Baſes are equilateral Triangles. Let the 
Side of the Top be 42 Inches, the Side of the Bottom be 634 
Inches, and its Height (viz. Depth) be 33 Inches, what will 
the Content of that Tan be in Ale Gallons 2 

Firft find the Area of each Baſe in Inches, per Problem) ; 
Page 337. then find what thoſe Area's are in Ale Gallons, per 
Preblem 3. Page 43% Ma'tiply thoſe two Area's together; the 


this Example. 


| be Area of the Top is 2,71 
Example. {Th Area of the Bottom is 6,1 J Ale Gallons, 
he mean Area will be 4,07 - 


Their Sum is 12,90 
Then 12,9 K „ 141,9. Or 3 x 33 = 141, the (u- 


tent rQuir d. 
| PROBLEM: Xt. 
To find the Content of any right Cylinder in Gallons, 


That is, to compute the Content of any round Tun, &, 
whole Diameters at Top and Bottom are equal, and at righ 
Angles with its Sides. - b 

The Content of ſuch a Tan may be found per Theorem 11, 
Page 4<9. Or otherwile by the following Rule. 


and divide the Product by 359,05 (or multiply with 
0,0 2785) Kc. as in Page 433. that Quotient (a 
Product) will be the Content requir d. 
Exam. Suppoſe the Diameter be 42, 5 and the Height 31,5 Inches. 
Firlt 42,5 K 42, 5 = 1806,25. And 1806,25 31,5 = 568968575 
Then 359,5) 56896, 875 (158,46 the Content in 4. Gal. &c. 


PROBLEM XII. 
Jo ſind the Content of any Cone or round Pyramid in Gallons. 


Hecau ſe every Cone is one Third of its circumſcribing linde. 
dec Theorem 13. Page 410. Therefore its Content may be tw) 


Mu tipiy the Square of the Diameter into the Height, 
Bule. 5 


found by the following Rule, 


Multiply the Square of the Diameter of its Baſe i 
the perpendicular Height ; then divide their Produc 


Bule, <by 1077,15 = 359,05 X 3 for Ale Gallons, or h 


882,30 = 294,12 * 3 for Wine Gallons, &c. and tht 
Cuotient will be the Content requir d. 


- 
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"Nr if the ſaid Product be multiply'd with 0,000928 = e 
or with 0,901133 ,. thoſe Products will be the Con- 
ent in their reſpective Gallons. 

Example, Suppoſe the Diameter of the Baſe be 42,5. and the 
rrpendicular Height be 31,5 Inches, what will the Content be 
in Ale Gallons 2 | | (As before. 
Firſt 42,5 K 42,5 = 1806, 25. And 1886,25 31,5 = 56896,875 
Then 1077, 15) 5$6896,875 (52,32. Or 56896, 25 X 9,000925 
=$2,82 the Content in Ale Gallons, And fo on for Wine or 
lrn-Gallons, 

PROBLEM XIII. 


To find the Content of the lower Fruſtum of any Cone in Gallons. 


That is, to compute the Content of any round Tun, &c. 
whoſe Diameters at Top and Bottom are parallel, but unequal. 
The Content of ſuch a 7an may be found by the Rule at 
Problem 10. but from Theorem 16. Page 414. it will be caſy to 
deduce this following Rule. | | 


To the triple Product of the Top and Bottom Diameters, 
| add the Square of their Difference ; multiply that Sum 
kule, Cinto the Height, (or Depth) then divide the laſt Product 

by 1077,15 for Ale Gallons, or by 882,36 for Wine 
Gallons, the Quotient will be the Content requir'd. 


Example, Suppoſe the Diameter at the Top be 52, 4 Inches, 
the Diameter at the Bottom 44,6, and the Height 30 Inches, 
iſt. 52,4 K 44,6=2337,04. And 2337, g 32711, 12 ; 
Alſo <2 Rd fp 3 ' And 7,8 * 78 3 Add 

|  TheHeight3z0X7c71,96=2121538,8" 
Then 1097,15) 212158,89 (196,96? 
Or 212158,8 X 0,002928 = 196,9 1 

And ſoon for either Wine or Corn Gallons, as Occaſion requires. 
But if the Tun Cor Veſſel) be not truly circular; that is, if 
either its Top or Bottom (or both of them) be elliptical, whe- 
ther they are alike or unlike it matters not, the Content of ſuch 
a T3 may be truly found by the gencral Rule at Problem 10. 


| PROBLEM XIV. 
The Axis or Diameter of any Sphere or Globe being given, (in 
Inches) to find its Content in Gallons. 


Every Sphere is two Thirds of its circun ſcribing Cylinder, per 
Theor, 18. Page 417. from whence and Theorem 20+ Page 4.29. 11 9 
| — | PI. V Cs 


4 the Content in A. Gal. 


: 
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prov'd, that if the (abe of the Aris of any Sphere Ctabeh i 
Inches) be multiply d into 0,5 236. the Product will be the Con- 
tent of the Sphere in cubick Inches. Conſequently, if that 
Content be divided by 282, or by 231, Cc. the Quotient wil 
be the Content in Gallons, 3 DM 
But thoſe two Works of multiplying with o, 5236. and then 
dividing by 282. or by 231, Cc. may be contracted into ov | 
Thus 282) o, 5236 (0,001856 will be a Maltiplica. for 4.6 
And 231) 0,5236 (0,002266 will be a Multiplica. forW.G 
Or 0,5236) 282 ( 538,57 will be a Diviſor for Ae G4. 
And o, 5236) 231 ( 441,17 willbea Diviſor for Mine Gal 
From hence ariſes this following Rule. 
If the Gube of the Axis of any Sphere be divided by 
538.57 (or multiply'd with 0,001856) or divide! 
Rule, % 441,17. or elſe Fe d with 0,002266) the 
Ouetient (or Product) will be the Sphere's Content inl 
their reſpective Gallons. fe bs 1 
Example, Suppoſe the Axis or Diameter of a Sphere or Gly 
be 22 Inches, how many Ale Gallons may it hold? 
Then 22 * 22 * 222810648. And 538, 57) 10648 (19,76 4.6 
Or 10648 X 0, 001856 8 19,76 A. Gal. the Content requir d 
And ſo for either Wine, or Corn Gallons, if Occaſion require 


3 PROBLEM XV. 
To find the Content of any Segment of a Sphere in Gallonn. 


In the Scholium Page 418. there are two Theorems for refol- 
ving of this Problem, according to the Data. e 

1. If the Diameter of the Segments Baſe and its Height ar 
given, the Conteut may be found by the firſt of thoſe Ther 
rems, Which gives this Rule. ee e 

o the triple Square of half the Diameter, add the 
Rule 1 8 


- 
nne. 


Square of the Height; then multiply that Sum into il. 
Height, and divide the Product by 538,57 for 4.0. 
or by 441,17. for W. G. &c. 4s above. My 

2. But if the Axis of the Sphere, and the Height of they: 
ment are given, the Content may be found by the ſecond ot 
thoſe Theorems, „ of 0 val 
e From the triple Product of the Axis into the Height, ſu. 
Bule 4 


ſtralt twice the Square of the Height; then multith tl 
R mainder into the Height, and divide that Produ 90 


538,57, Kc. as in the laſt Problem. "Eithe 


| And 6X6==30, 


—— — 
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Fither of theſe Rules will produce the Content of the Seg- 
nent in Gallon . 5 
Example, Sappoſe the Diameter of the Segment's Baſe be 28 
Inches, and its Height be 8 Inches, what may it contain in 
Ale Gallons? 3 . 
Firſt 2) 28 (4 The (per Rule 1.) 14 X 14 X 3 = 588. 
(ext 5388+ 36=624. Again 624X6 = 3744. 
Laſtiy 538,57) 3744 (6,95 the Content requir'd. 


| Note, This Problem may be of Uſe in gang ing the Crowns of 


Brewers Coppers, &c. 


Stion 4. The practical Method of gauging 17 fix'd Tun or 
Copper ; and making a Table to (hew what it will hold at every 
41 deep, uſually call'd inching of a Tun, &c. 
Firſt you muſt know, that moſt (if not all) Brewer's Tuns 

are ſo fix d, as to lean a little for Conveniency of clean/ing their 

Drink, which is uſually call'd the Drip or Fall of the Tun. 

Now this Drip or Fall of any Tun, is the Hoof of ſich a Solid 

as that Tun is ſuppos d to repreſent ; and under that Conſidera- 

tion it may be found, as in Theorem 16. Page 414. But the 
practical (and indeed the beſt) Way, is to meaſure into the Tun 

(when it ts dry) ſo much Liquor as will juſt cover its Bottom; 

for by that Means you do not only find the true Fall, but alſo a 

true korizontal or level Plain over the Bottom of the Tun; from 

which, if the Depth of the Tan (viz. the neareſt Diſtance from 
the Top of the Tun to the Surface of the Liquor) be ſet of upon 
every one of its Sides, you will then have a true parallel Plain 

at the Top of the Tun to that of the Liquor. W 
Then if the Sides of the Tun are Freight from the Top to the 

Bottom, take as many Dimenſions in the aforeſaid tuo Plains, as 

are need ful to find the true Area of each; and by thoſe tue 

drea's, and the aforeſaid Depth, find ſo much of the Tuns Con- 

— (per general Rule at Problem 10.) as is betwixt thoſe ins 
MINS. | | | | 

Next to inch that Tun, divide the Difference between the Top 

and Bortom Area's by the aforeſaid Depth, and the Quotient will 

be an Addend or fix d Number; which being added to the lefſer 

Area, the Sym will be the Area of the next Inch; and being ad- 

ded to that Area, their Sum will be the Area of the third Inch 


and ſo on from Inch to Inch, until the Area of every ſingle Inc 


be found, the Som of thole Area's (if the Work be true) will 
amount (or be equal) to the —— as abore. And 5 
— L. the 


nm 
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the Tuns Drip or Fall be added to the Sum of all thoſe Ae 
that Sum will be the whole or full Content of that Tun. 

Now fiom hence it muſt needs be eaſy to conceive, that if 
1. 2.3. or any Number of thoſe Area's accounted from the 
Bottom, be added to the Fall, that Sum will ſhew the Quantity 
of Liquor or Drink that is in the Tun, to ſuch a Number of vt 
Inches from the Bottom, as there were Area's added together. 

Or if the Sam of any Number of thoſe Area's (being accounted 
from the Tip) be ſubſtrafted from the Tun's whole e the 
Remainder will ſhew what Quantity of Liquor or Drink is in 
the Tan, when there is ſuch a Number of dry Inches from the 

Top as there were Area's ſubſirafted. 

This being well conſider d, it will be eaſy to make a Tale, 
either to every wet or dry Inch of any regular Tun, (viz, wii 
Sides are freight from Top to Bottom) what Form ſoever its 
2 are of; and whether it ſtand upon the greater or leſer 
Baſe. | | | 

But if the Sides of the Tun are irregular, (viz. not freight from | 
its Top to the Bottom) then the beſt and eaſieſt Way will be to 
divide or Part the Tun into ſeveral Fruſtums, each of 10 licher 
deep; and finding the Content of every ſingle Fruſtum, by taking | 
the Diameters in the middle of every one of thoſe 10 Inches, 
(that is, the firſt Diamoters at 5 Inches from the Top; the ſein | 
Diameters at 15 Inches from the Top, &c.) and multiplying theit | 
reſpective Areas with 10, (which is done by only removing the fe- 
parating Comma ſ one Place forward to the right Hand) if the 
Sum of all thoſe Fruſtums be added to the Fall, (as before) that 
Sum will be the whole Content of the Tun. 

Note, If you take the Height of the aforeſaid 10 Inch Fruſtumi 
in the Side of the Tun, you muſt allow for the Difference between the 
flant Height, and the perpendicular Height in every Fruſjum. 

Laſtly, If from the whole Content of the Tun, you ſubſ/ratl 
the mean Area of the firſt Fruftum ten times, and from the Ke. 
mainder ſubſtract the mean Area of the ſecond Fruſtum ten time, 
and from the laſt Remainder ſub/iratt the mean Area of the 
third Fruſtum, &c. until there remain nothing but the Fall ot 
Hoof of the Tun, you will then by that Means have a Table 
that will ſhew what Quantity of Drink is in the Tun to any 
Number of dry Inches. 3 5 

And this is allo the Metlod of gauging and incting of Bras. 
ers Coppers, viz. by firſt meaſuring into the Copper. ſo much li- 

wor as Will juſt cover its Grown; then dividing its perpendicular 
| H ight into Fruſtums, and its Sides into four equal Parts, that 10 

7.4 Diameter may be taken in the middle of each . 
ut | 


4 
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But if the Copper be much wider at the Top than at the Bottoms 
ind its Sides ſpheroidal or arching, as generally all large Cop” 
ers are; then inſtead of taking thoſe mean Diameters in- the 
middle of every ten Inches, as above, you muſt take them in 
the middle of every fax Inches, and proceed on as before, 
Now the Quantity of Liquor that would cover the Crown of 
the Copper, may be found without meaſuring it, as above. In 
order to that, I do ſuppoſe the Crown to be the Segment of a 
Sphere, and the lower Part of the Copper wherein the Conn 
riſeth to be the Fraſfm of a parabolick Conoid ;, then if the 
Diameter at the Top of the Crown, and its perpendicular Height 


ne given, the Quantity of Liquor may be found by this follow- 


ing Rule, 
: - From the Area of the Plain at the Top of the Crown, 
wbſiract 15 of the Area of the Crown's Height, the Re- 
Rule. Imainder being multiply d into half the Height of the 
Crown, will produce the Quantity or Number of Gallons 
that will cover the Crown, = 


This Rule is deduc d from Scholium, Page 418-and: Theorem i 5. 


I 424. 


Get 5. To compute the Content of any, claſe Ca in Gallens ; viz. 
bs of any But * ipe, Hog ſhead, Barrel, S. 


In order to perform this difficult Part of Gauging; tho three 


following Dimenſions of the propos d Cad mult be truly taken 
in Inches, and decimal Parts of an Inch. N THe 
5 Thi Bulge or Bung Diameter within the Cup, 
I. 
And the Length of the Cas witlin. 
Note, In taking of theſe Dimenſions, it muſt be carefully ob ſerv d, 
1. That the Bung-hole be in the middle of the Ca; alfo; that 
the Bung-ſtaff, and the Staff over againſt the Bung- hole, are both 
regular or even within. n e et. 
2. That the Heads of the Cast are equal and truly circular; if 
ſ6; the Diſtance between the inſde of the Chine to the outfide of 


ts oppaſite Staff, will be the Head Diameter mithin the Cal, very 


3. With a ſliding. Pair of Calipers, (made on purpoſe for that 
Uſe) rake the fade Diſtance or Length between the Out- ſides of 
tte Iwo Heads : (ſuppoſing them even) from that Length ſub- 
erat 1% Inch (more or leſs, according to the Largeneſs 8 

12 tlie 


Either of the Head Diameters, ſuppofing them both equal. 
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the Cask) for the Thickneſt of the Head, the Nine nil; 
the Lengtb of the Cack within. Ws! ci 341 No ) | 


* 
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Now, by theſe Dizen/ons, one would ſuppoſe the Content of 
the Cut were perfectly limited; but it will be eaſy to per- 
ceive by the following Figure, that the Diameters ( dboveſail ) 
and the Length of one Cas may be equal to thoſe of Another 
and yet one of thoſe Casks may contain or hold ſeveral Ce 
more than the other. 75 ? „ 

As for Inſtance, ſuppoſe the anne d Figure 4 BCDGF, to 


repreſent a Cast; then it is plain, that 
if the ard curved Lines ABC, 
and FG O axe the Bounds or Staves - 
of the Ca, it muſt needs hold more 
than if the inner Streight or prick d 
Lines were its Bounds or Staves ; and 
yet the Bang Diameter BG, Head Di- 
ameter CD and AF, and the Length 
LH are the fame in both thoſe Casks. . Dot 
Whence it plainly appears, that no one certain or general | 
Rule can be preſcrib'd to find the true Content of all forts of 
Casks 3 and therefore Gauger: do uſually ſuppoſe every Cast to 
be in the Form of ſome one of theſe following Solid. 
I. The middle Zone or Fruſtum of a Spherdid. , | 
v. I. The middle Zone or Fruſtum of a Parabolic Spindli. 
* III. The lower Eruſtums of two equal Parabolick Convid:, 


p — 


: 


"CIV. The lower Fraſtums of imo equal Cones, 


Now the Way of gueſſmg at the Cass Form, ind computing 
its Content according to that fuppos'd Form, I (hall here ſhew in 


I. If the Stapes of the Cark are very curved or arching, (a 
the out ward Lines of the laſt Figure) thei the Cast is ſuppos d 
to be in the Form of the middle Zone or Fruſtum of a Spherus, 
whoſe, Content, may be computed, per Theorem 22. Page 421. 
which gives theſe two Rules, PRE RIOTS 


v twice the Square of the Bung Diameter, add tit 

0» Square of the Head Diameter; multiply that Sum in 

the Length, and divide the 4 by. 107715 

Mis, 3, 519% X 282 for Ale Gallons; and ly 882,30 
> Viz, 358197 X 231 for Wine Gallons, Or thus. 


Bult 


_ 
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Rule, 


— 


D mite the Area of the Bung Circle, add the Area 
Rule 2 of the Head Circle; multiply their Sum into one Third 
. of the Length, and the Product will be the Content in 

„ 1 C their reſpectide Gallun. ee vel rn 

| Exenple 1. Suppoſe a Cub in the Form of the midd'e Zone 
of +a Spheroid, whoſe Bung Diameter is 31,5) Head Diameter 
26, and its Length 42 Inches, F 700 
Flt 31,5 & 315 K 21984, 5. And 24, 5K 24,5 = 600,25 
Againi984,5-+ 690,25=2584,75.And2584,75X42=108559,5 
Then 1077,15) 108559,5 (100,78 the Content in Ale Gallons. 
And 882,35) 198559,5 (123,03 the Content in W. Gallons. 
i. Or thus by the ſecond Rule. 

Jung Diameter 31,5 twice its Circle's Area is 55, 5 270 


Head Diameter 24, 5 its Circle s Area 18 1,6718 
The Length 42 divided by 3. is 14. 7,1988 = their Sum. 


Then 7, 1988 X 14 — 100,78 the Content in A. Gallons, as before. 
And ſo the Content in Wine Gallons may be found, 


H. If the Saves of the Cast are not quite ſo much curved or 
arching as was ſuppos d before, the (ast is then taken for the 
middle Fruſtum of a parabolick Spindle, and its Content is com- 
puted, as per Theorem 27. Page 426. which gives this Rule. 


To twice the Square of the Bing Diameter, add the 
Square of the Head Diameter ; from their Difference ſub- 
/ ftraft four Tenths of the Square of the Difference of the 
Piameters. mu tiply the Remainder into the Length, and 
divide the Produtt by 1077, 15, &c. as above. 


Example 2. Suppole the Dimenſions the ſame as before. Then 


3I,5X Z1,5X2: + 24, 5X 24,522 584,75 · And 315 5—24, 5 27 
Again 7X 7X0,4=19,0. And 2584,75—19,6: X42=1C7736,3 
Then 1077, 15) 107736,3 (100,01 the Cant. in A. G. & c. for W.G. 

III. When the Staves of the Cas are but very little carved or 


ching, then its ſuppos d to be in the Form of the Fru/fums 


of tuo equal fparabolick Conoidt, abutting or joining together 

upon one common Baſe at the Bulge, and the Content may 

be found per Theorem 25. Page 424. which gives theſe Res. 
IM). ne r ES.” 
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446 Of Pnatfical Sauging. 
o the Square of the Bung Diameter, add. the Squir: 
Nef the Head Diameter; multi 4 their Sum into the 

Rule r. Length, and divide dhe Prod 1 718,08 
© J(viz. 2,5464 X 282) for Ale Gallons ; or by 588,22 

C (viz. 2,5464 % 231), for Wine, Gallons. Or thus, 


o the Area of the Bung Circle, add: the Area of the 
Rule 2. a Circle ; multiply the Sum into half the Length, 
and the Product will be the Content requir d. 


Example 3. With the fame Dimenſions as before. Then 
31,5 31,8: 24, 5 * 24,56 = 1592, And 1592, 5 X42=6688; 
And 718,08) 66885 (93,01 the Content in Ale Gallons, 

Or 388,22) 66885 (113,7 the Content in Mine Gallons, 

IV. If the Staves of the Cash are ftraight from the Bulge 
to the Head, as the inner prick'd Lines in the laſt Figure, Ci 
ſuch a Cask can be made) it is then taken for the /ower Frau 
of two equal Cones, abaiting or joyning together uon one com- 
mon Baſe at the Baige. And its Content may be computed az 
at Problem 13. Page 439. Or per Theorem 15, Page 413. Thus, 

To the Sum of the Squares of the Head and Burg Diane 
Bule ters, add their Produt ; then multiply that Sum into the 
) Length, and divide the laſt Prodast by i177. Or 
5 882,36. The Quotient wil! be che Con 


tent, &c. 


| 


Example 4. With the fame Dimenſions as before. 


Firſt 31,5 & 31,6: + 2435 X 2435 : 31, K 24,5 = 236425 


And 2364, 25 42 = 99258,5 Then 1077,15). 99298, 5 (92,18 
the Content in Ale Gallons, And {o. on for Mee ald. ; 


Thus you have the Aethods of computing the true Contents of 
the four Solids, in whole Forms all Casks Gall | 
are ſuppos d to be. And by the Exam- 3 FRY 8 Differ, 
ples it appears, that four ſuch Cash as have IL 100,70} 0,77 
their Nimen ſions all equal, and the fame Int 100,01 5,00 
with thoſeabove-mention'd,theirContents IV 93,07 0,83 
will be as in the Margin. IV. 92,101 | 

From the Diſproportion or Inequality of theſe rpg K 
wilt be eaſy to conceive, that there may be ſeveral Cass whole 
Contents cannot be truly found, according to the aforeſaid * 
pos d Forms; and therefore, in order to rectify the ſaid Inequali- 
ties, ſome Authors (that have written upon this Fubject) have laid 
down Theorems of their own Invention; (and yet call d 2 

9 


| 
| 
( 
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theſe Names) others have propos d Tables for the ſame Purpoſe: 
But ſince it is ſo, that we can only gueſs at the Truth, the 
nlaineſt and "eaſieſt Way is to be preferr'd in Practice; and that 
is, by finding ſuch a mean Diameter as will reduce the propos d 
(at to a linder. | e 
T Multiply the Difference between the Head and Bung Dia- 
| meters with 0,7. or with o, 65 or with 0,6 or with 0,55 
ay according as the Staves of the Cast are more or leſs arching ; 
TIS add the Produft to the Head Diameter, and the Sum will 
be the mean Diameter requir d. Then find the Content as 
at Prob 11. Page 438. | 
Example, With the ſame Dimenſions as before. Then the 
hung Diameter leſs the Head Diam. is 31,5 — 24,5 = 7. And 
A. D. Ad. Cont. | 5: 
j X 0,7 =29,4 its Area 2,4973X42= 101, 10 Bf. 


7 X 0,65= 29,05 —— 2,3504X42= 9871059 
5 T 7X 0,0 =28,7 - | 2 96,35 2,36 
< 7 X 0,55= 28,35 2,2388 X42 = 94,03 
From theſe it may be obſerv'd, that the Difference between 
ach Cask's Content is regular, and very near equal; which 
plainly ſhews, that there is not ſo much room left of Error this 
way of computing their Contents, as was by the aforeſaid Forms. 
Now the fit of theſe four (viz. with 0,7) is very common- 
ly us'd amongſt Gaxgers for all Sorts of Catis; but I did never 
zauge any (as that would contain quite fo much as that Kule 
(id make it; and the Reajon doth appear very plain from 
Theorem 22. Page 421. being compar'd with Theorem 19. Page 
125. and the laſt Figure, viz, that no Cark (being regularly 
nale) can hold more than the middie Fruſtum of «Soha 


2 


would anſwer very near the Truth amongſt the commen ſort of 


(wks; and the fourth Rale (viz. with o, 55) will come pretty 


near the Truth in computing the Contents of Carks whoſe Sraves 
e almoſt ſtraigit betwixt the Head and the Bung, viz. ſuch 
8 Mine Pipes, Vc. 


dect. 5 To find what Quantity of Liquor i eit her drawn forth, 
or remaining in, any ſpheroidal Cast, uſually call d the Uilage of 
a Caik ; which hath two Caſes. 


Caſe 5 To find what Quantity of Liquor n Cark, when its 
Axis is perpendicular to the Horizon ; viz. hen it ſtands upright 
#08 one of its Heads. jo | | 
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erbid. But 
| always found by Experience, that if the ſccmd and third of 
theie Rules (viz. with 0,65 and 0,6) were duly applyd, they 


In 


Viz. 


CH = Half the Length of the Gul, *f 
Let 1 = Hel the Bing Diameter, : 
4 — Half the Head Diameter, 


the Diſtance of any Circle from 5 


the Bung. | | | on 
4 — Half the Diameter of that Circle. 


Then, according to the common Property of the Ellipfi 


Page 362. it will be. B 
BR: DD:: BB — HH: dd. And BB: DD:: BB—PP : aa. 


„ YYviDDHH | D 
Eso TBB = 5B. Ad IB 
Conſequently, 1 55 4 5D 


This Aquation being brought out of the Fraftions will 
become DDHH — 44 HH — DDPP — 4d PP. 

Which gives this Analogy HH: DD—1d :: PP: DD — 44. 
Then DD — 4a being ſubſtracted from DD, will leave 44. 
But Circle's Area's are in Proportion to the Squares of their Dia- 
ig per Theorem 6. Page 451. Therefore, &'c. Q. E. D. 


/ . Then, from the Bung Area, ſubſtract one third Part of the 
aforeſaid Difference, viz. between the Bung Area, and the 4re 
of the Liquor's Surface; multiply the Remainder with the L- 
guor's Diſtance from the Bung, and the Product will (hew what 
E of Liquor 18 either above, or under half the Content o 
the Cask. FW IJ 


Example, Let us ſuppoſe a Cas of the ſame Dimenſjons wit 
that in the 6% Example, Page 445. and let it be requirs 
to find what Quamity of Liquor is in it, ( of Ale Meaſure ) wie 
there is but 9 Inches wet. Hexe half the Length of nar i, ; 
&: | nche 
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Inches, whaſe Square is 441, and the Liquor's Diſtance from 
the Bung is 21 — 9 == 12. its Square is 144. the Difference 
between the Bung and Head Area's is 1,0917: (= 2,7635 — 
1,6718. hen 441: 1,0917 :: 144: 0, 3564. 
And 2,7635 — 0, 3564 = 2,40% the Area of the Liquor s 
Again 3) 0,3564 (o, 1188. And 2,7635 —0, 1188 = 2,6447 
Then 2,6447 12 = 31.7364 what the Cast wants of being 
half full. Conſequently 50.39 — 31. 73'= 18,66 will be the 
Ouantity of Liquor in the Cast at 9 Inches wet in Ale Gallons, | 
And if the Cast had wanted but 9 Inches of being full; 
then 50,39 ＋ 31,73 = 82,12 would have been the Quantity 
of Liquor in the Cas. | | 
Note, Becauſe the two firſt Terms (viz. 441. and 1,0917) 
in the Proportion are fi d, viz. continue the ſame for any Di- 
ſtance, it will be very eaſy to calculate the Area's of all the Circles 
betwixt the Bung and Head to every Inch, and by that Means to 
make a Table that will ſh:w what Quantity of Liquor is either 
drawn out or remaining in the Cask at any Depth. | 
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Cafe 2. To find whar Quantity of Liquor is in any Cat, nhen its 
Axis is parallel to the Horixon; viz. when it lies along. | 


There are Variety of Tabſes to be found in Books of Gauging 
for this Purpoſe ; but I always obſerv d, that the following 
Method of computing the Ullage by a Table of the Segments of 
a Circle came very near the Truth in all Sorts of Casks, which is 
thus performd. gf 5 

1. By the Bang and Head-Diameters, find ſuch a mean Diame- 
ter as you judge will reduce the propos d Cas to a Cylinder, by 
the Method laid down in Page 447. and then find its full Con- 
tent, as in thoſe Examples. | | - 

2. From the Bung Diameter, ſubſtract the mean Diameter, 
and halve their Difference, (viz. divide it by 2.) 
3. From the wer Inches of the propos d Ullage, ſalſtract the 
lad half Difference, and call it x; then obſerve this Proportion. 


oy 75 the mean Diameter : is to co (the Diameter of 


Viz. the Tabular Circle) : : fo # the laſt Difference (viz. æ ) 
to 4 verſed Sine in the J able. (Page 435.) 


Then if the Tabs ar Segment, which ſtands againſt that ver- 
ſel Sine, de multiply d into the Content of the Cask, the Produtt 
will ſhew-the Ullage, viz. what Quantity of Liquor is either 1n 
the Cut or drann ſort v. | 

a Mmm Example 


: 
x 
: 
; 
£ 
: 
: 
22 
I 
[ 
by 
1 
þ 


Then 29,05 : 100 : : 


and therefore in 94awging © 


450: Of Prattical Sauging. 
Example 1. Let the Ca be that of the ſecond Sort in 
Page 447. viz. Whoſe Bung Diameter is 31,5 Inches, mean Dis- 
meter 29,25, and Content 98,71 Ale Gallons; and ſuppoſe 
there were 10,5 Inches wet in it, it is requir d to find the t 


T4” WAVES — 


and dry Gallons? 0 CRT BC I 
Here 31,5—29,05=2,45 its half is , 22. And 10,51, 229,28 


Then 29,05 : 100 :: 9,28: 0,319=V. Sine; its Segm. is 0, 2748 
And 98,71 K 0, 2748 = 27, 12 the Number of wet Gallons. | 
Again 31,5—10,5=21 the dry Inches; and 21—1, 22 2 19,8 
19,78 : 0,68 ; its Segment is 0,7241 
And 98,71 x 0,7241 =71,48 the Number of dry Gallons. 

Proof 71,48 + 27,12 = 98,6 the Content of the (ast very 


near; Which plainly (hews the Truth of this Method, 


Thus far may ſuffice concerning gauging of Backs or Coolers, © 
Tuns, Coppers and Casks, &c. To which I ſhall only add, 
That as the Contents of all Brewers Utenſils are to be computed 


by the Ale Gallon, fo the Contents of all Difillers Utenſils, 
(via. all their Waſh Backs, Stills, and Casks, &c.) mult be com- 


puted by the Wine Gallon. OD 
And in gauging of Malt, (upon which there is now a Duty of 


four Shillings pet Buſbel) you muſt obſerve, That a Corn or 


Malt Buſhel doth contain 21 705 cubick Inches; ( See Page 36.) 

Malt Cifterns, or other Veſſels, 
2150,42 will be a conſtant or fir d Diviſor for finding the Area's 
of all rigli- lin d Figures in Buſhes at one Inch deep, and 2738 


will be a confant or fix d Diviſor for finding the Area's of 
_ circnlar Figures. 4 


have omitted the Buſineſs of gauging Maſb. Tuns, and ta- 
king an Account of the Goods or Grains, in order to eftimate 


what Quantity of Worts were produc d from them, Cc. becauſe 


I could never find (by all my Obſervations) any Certainty there- 
in; nor is it poſſible there ſhould be any, by Reaſon of the 
great Difference that is in Malt; (and its grinding too) for the 
beſt Halt (wel! ground) will yield or produce the moſt Morte 


and e, Grains ; on the contrary, bad Malt (being ill ground) 


yields the lea Worts and moſt Grains. 


Before I conclude, it may not be amiſs to recommend the 
Uſe of a Fire- foot Rule, which is compo:'d of fix Parts or 
Legs (viz. ten Inches each Part) joyn'd together with ſolid 
braſs Joynts, with ſteel Screws to them inſtead of are j 

vs : 8 5 ( mhic 
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Cylich I contriv d and made many Tears ago) the laſt Leg (wiz. 


one of the extream Legs) having a ſliding Part neatly fitted 
to it; and the whole to be divided into Inches and decimal 
Parts, to which there is adjoyn'd only two Lines of Circles 
Area's ; viz. one Line for Ale Gallons, and an-ther Line for 


Wine-Gallons, plac'd on each Side of the Line of Inches. 


- This Rule is not only very uſeful for taking of the Dimen- 
ſions of any Veſſel between ten Inches and ſeventy, with 
great Eaſe and Speed ; but alſo you have, by the aforeſaid 
Lines, the Area of any Circle by Inſpection (whoſe Diameter 
is given in Inches, Cc.) much more readily than by the 
Tables of Area's, (mhich are uſually cramb'd into every Book of 
Gauzing.) And not only fo, but you may alſo take the Ares 
of any Circle, inſtead of taking its Diameter in Inches; which 
I always found very uſeful and ready in Practice, both in 
gauging of Worts in open Veſſels or cooling Tubs, &c. and in 
gauging of cloſe Cagks: All which the pratiical Gauger will ſoon 
perceive, to whom I heartily with good Succeſs. 


* © KS late ly peine for Tho. Horne, at the 


Royal Exchange. 


HE Merchants Map of Commerce: Wherein the univerſal 
Manner and Matter relating to Trade and Merchindize, are 
fully treated of; the Standard and current Coins of moſt Princes and 


Republicks obſery” d; the real and imaginary Coins of Accounts and 


Exchanges expreſe'd ; the natura! Products and artificial Commodi- 
ties and Manufactures for Tranſportation declar'd. The Weights 
and Meaſures of all eminent Cities and Towns of Traffick in the 
Univerſe, collected one into another, and all reduc'd ro the Merj- 
dian of Commerce practis d in the famous City of London. By Lewis 
Rober's, Merchant. Uſeful for all Perſons who ſhall be employ'd in 
publick Affairs of Princes in foreign Parts, for Gentlemen, and o- 
thers travelling abroad, and for all Merchants and their Factors, 
wha negotiate in any part of the World. The fourth Edition, care- 
fully corrected and enlarg'd. To which is annex'd, Advice con- 


cerning Bills of Exchange; wherein all Matters relating to Bills of 


Exchange, both Foreign and Domeſtick, is fully treated of: Toge- 
ther with that moſt perfect Treatiſe of Trade, entitled, Exgland's 
Benefit and Advantage by foreign Trade demouſtrated : By Tho. 
Mun, of London, Merchant. 


The perfe& Method of Merchants Accompts demonſtrated, By 


John Collins, Accomptant. 


The Engliſh Merchants Companion: Or, An Entertainment for 
the young Merchants, "their Servants. Digeſted into three Parts, 


herein the perfect Method of Merchants Boouk-keeping, and other 


Matters relating to Traffick, is compleatly demonſtrated 3 being the 
moſt exact Work of this Nature extant. To which 1s annex'd, Di- 
rections for Accomprants, and other Perſons, who enter themſelves 
into the Service of the honourable Companies of Merchants of E- 
land, trading into the Eaſt- Indies; ſhewing them how to begin, pro- 
ſecure, and complearly finiſh their ſeveral Functions and Offices, 
Enter'd by Way of Debtor and Creditor. By Richard Dafforne, Ac- 
cee | The fourth Edition, carefully corrected and augmented. 


Eo lately printed ſor J. Woodward and A. Betteſworth, 


T2 P Life and notable Adventures of that renown'd Knight Don 


te de Ja Mancha, merrily tranflated into Hudibraftick 
Ven By Edward Ward, in two Vol. 8. Price 10. 

Nuptial Dialogues and Debates: Or, An uſeful Proſpect of the Fe- 
licities: and Diſcomforts of a marry'd Life, incident to all Degrees, 
from the Throne to the Cottage, Containing many great Exam» 
ptes of Love, Piety, Prudenc Juſtice, and all the excellent Virtues | 
that largely contribute 0 75 82 jo ppineſs of Wedlock, latin 
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from the Lives of our own Princes, Nobility, and other Quality, in 
proſperity and Adverſity; alſo the fantaſtical Humours of all Fops, 
Coquets, Bulltes, *Jilrs, fond Fools, and Wantone, old Fumblers, bar- 
en Ladies, Miſers, parſimonious Wives, Ninnies, Sluts, and Ter- 
magants; drunken Huſbands, toping Goſti ps, ſchiſmatical Preciſians, 
and devout Hypocrites of all Sorts; digeſted mro ſerious, merry, 
and ſatyrical Poems, wherein both Sexes, in all Stations, axe re- 
minded of their Duty, and taught how to be happy in a matrimo- 
nial State, in two Vol. By the Author of the London Spy, Price 105. 

The modern World deſerib'd; or, both Sexes ſtrip'd of their pre- 
tended Vertue, in two Parts. Firſt, Of the Ladies. Secondly, Of the 
Gentlemen; with familiar Deſcant upon every Character, in ve. 
Dr ice 24. 6 d. | | 

Memoirs of the Life and Adventures of Signior Rozelliz giving 
z particular Account of his Birth, Education, Slavery, Mona- 
tick State, Impriſonment in the Inquiſition at Rome, and the diffe- 
rent Figures he has ſince made, as well in Ita), as in England, France, 
and Holland. The whole being a Series of the moſt diverting Hiſto- 
ry, and ſurprizing Events, ever yer made publick. The Second Edi- 
tion corrected, enlarg'd with an Appendix of two whole Sheets, and 
adorn'd with curious Cuts. | | 15 

Wine and Wiſdom: Or, The Tipling Philoſophers. A Lyrick 
Poem. To which are ſub;oin'd rhe moſt remarkable Memoirs of 5x 
Philoſophers. 241 4925 


Books lately printed for A. Betteſworth. 
& | | 


A Voyage to the Sorh-Sea, and round the World, perform'd in the | 
[A Years 1708, 1709, 1710, and 1711. by the Ships Dufe and 
Dutcheſs of Briſtol; containinga Journal of all memorable Tranſactions 
during the ſaid Voyage; the Winds, Currents, and Variation of the 
Compaſs ; the taking of the Towns of Puna and Guajaquil, and ſe- 
veral Prizes, one of which a rich Acapulco Ship; a Deicription of the 
American Coaſt, from Tierra dei fuego in the Sorth, to Calefornia in 
the North, from the Coaſting Pilot, (a Spariſh Manuſcript) wherein an 
Account is given of Mr. Alexander Selkirk, his Manner of Living, 
and taming ſome wild Beaſts, during the four Years and four Months 
he liv'd upon the uninhabited Iſland of Fran Fernandes. IIluſtrated 
with Cuts and Maps. In two Vol. By Capt. Edward Cooke. The 
ſecond Edition. Price 11 s. | 
The Country Gauger's Vaude Mecum, containing Decimal Tables, 
for the ſpeedy Ganging of ſmall Brewing Veſſels, either of a Circu- 
lar, Elliptical, or Rectilineal Baſe; and alſo for the Gauging of 
Caſks in Ale or Wine Meaſure, either full, or Part empty. By Richard 
Collins, Superviſor of the Dury of Exciſe : With an Appendix, con- 
taining ſeveral uſeful Propolitions, perform'd Arithmetically and 
Inſtrumentall y; with new Tables of Exciſe, the Method of Gauging 
of Worts in ſmall Veſſels, finding the Ullages of Caſks, both lying 
220 ſtanding; Rules for Gauging of Malt, alſo how to keep a Stock- 
. | Book. 
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Book. To which is added ſeveral new Propoſitious, perfor h 
the fliding Rule, The 5th Edition, with many Additions. By He; 
Lands, Mathematician. Price hound tr s, 

The Life of Mr. Thomas Betterton, the late eminent Tragelin 
wherein the Action and Utterance of the Stage, Bar, and Pulpit, 2 
diſtinctly confider'{ ; with the Judgment of the late ingenious Mon 
ſieur de St. Evremond, upon the Italian and French Muſick and Oper; 
In a Letter to the Duke of Brckiioham. To which is added, Th 
Amorous Widow; or, The Wanton Wife. A Comedy. Written 
Mr. Betterton. Now tirſt printed from the original Copy. Price 33.61 
Colloquia Chirurgica; or, The whole Art of Surgery epitomir'| 
and made eaſy, according to the modern Practice, by Way of a Di 
logne. To which is added, A Compendium of Anatomy. The { 
cond Edition revis'd and corrected, with Additions. By one of hs 
Majeſty's Surgeons, for many Years employ'd in her Royal Navy 
Price 2 8. 

Memoirs relating to che Impeachment of Thomas Earl of Danh 
(Lite Dnke of Leeds ) in the Year 1678, wherein ſome Affairs of thy 
Times are repreſented in a juſter Light; than has hitherto appear 
With an Appendix, containing th» Proceedings in Parliament, on 
giz] Papers, Speeches, & The ſecond Edition. Price 4 5. 

Navigation compleated : Being a new Method, never before x 
tain'd ro by any; whereby the true Longitude of any Place in th 
World may b? found, whether differing in Longitude only, or bot 
in Longitude and Latitude, from any Place in che habitable Worl! 
By Francis Cawood. Price 25. 

A- Cap of grey Hairs for a green Head; or, The Father's Conn{: 
ro his 50n, an Apprentice in London; containing wholſome Infn 
_ ions for a Man's Whole Life. The fifth Edirion, with Addition 
of Precepts adapted to each CE: By Caleb Trenchfie/d, Gem 
Price x5. 6 4. 


